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AERODYNAMIC DESIGN AND ANALYSIS SYSTEM 
FOR SUPERSONIC AIRCRAFT 

PART 2 - USER'S MANUAL 

W. D. Middleton, J. L. Lundry, and R. G. Coleman 
Boeing Commercial Airplane Company 

1.0 SUMMARY 


An integrated system of computer programs has been developed for 
the design and analysis of supersonic configurations. 

The system consists of an executive driver and seven basic 
computer programs including a plot module, which are used to build 
up the force coefficients of a selected configuration. 
Documentation of the system has been broken into 3 parts: 

Part 1 - General Description and Theoretical Development 

Part 2 - User's Manual 

Part 3 - Computer Program Description 

This part, the user's manual, contains a description of the 
system, an explanation of its usage, the input definition, and 
example output. 


Interactive graphics for use with the system are optional, 
employing the NASA-LRC CRT display and associated software. A 
description of the interactive graphics portion of the system is 
given in Appendix A. 


The computer program is written in FORTRAN IV for a SCOPE 3.0 or 
KRONOS 2.0 operating system and library file. It is designed for 
the CDC 6000 series of computers and executes in OVERLAY mode. 
The system reguires approximately 110000 Q (octal) central memory 
words and uses seven peripheral disc files in addition to the 
input and output files. 
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2.0 INTRODUCTION 


A series of individual computer programs for design or analysis of 
supersonic configurations has been linked together into a single 
system. The system, because of built-in communication between the 
programs, is substantially simpler to input and use than the 
individual programs operating in a stand-alone mode. In addition, 
a common geometry format, based on the NASA-LRC configuration 
plotting program, has been adopted to standardize the input 
reguirements of the basic programs. 


Interactive graphics have been included in the system, to display 
or edit input and to permit monitoring and read-out of program 
results. The graphics arrangement is tailored specifically to the 
NASA-LRC CDC 250 cathode ray tube and associated software. 
However, all graphics applications have been subroutined to the 
main programs and could be easily converted to a different 
graphics set-up. 
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3.0 DISCUSS ION 


A schematic of the design and analysis system is shown in figure 
3.0-1. The system consists of an executive "driver” and seven 
basic computer programs including a plot program and a geometry 
input module, which are used to build up the force coefficients of 
a selected configuration as shown in figure 3.0-2. The system may 
be used with or without interactive graphics. 


The complete design and analysis system is a single 
computer program, with the executive driver as the main 
and the basic programs as primary overlays. The basic 
manipulate input (geometry module) , draw a picture 
configuration (plot module) , or perform design or 

calculations. 


overlaid 
overlay 
programs 
of the 
a na lysis 


Aerodynamic force coefficients for a selected configuration are 
built up through superposition. The individual modules of the 
system provide data for the force coefficient build-up as follows: 

• Skin friction is computed using flat plate turbulent 
theory. 

• Wave drag is calculated from either near-field (surface 
pressure integration) or far-field (supersonic area 
rule) methods. The near-field method is used primarily 
as an analysis tool, where detailed pressure 
distributions are of interest. The far-field method is 
used for wave drag coefficient . calculations and for 
fuselage optimization according to area rule concepts. 

• Drag-due-to-lif t is computed from the lift analysis 
program, which breaks arbitrary wing/fuselage/canard/ 
nacelles/horizontal tail configurations into a mosaic 
of "Mach-box" rectilinear elements which are employed 

in linear theory solutions. A complementary wing design 
and optimization program, also using the Mach-box 
approach, solves for the wing shape required to support 
an optimized pressure distribution at a specified flight 
condition. 


3.1 System Communications 

Communication between the executive and the different basic 
modules is performed by disc files and limited common block 
storage. 
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Zero Lift Wave Drag (Wave and vortex) 


FIGURE 3.0- 1. -INTEGRA TED SUPERSONIC DESIGN AND ANAL YS/S SYSTEM 













1) Input 

All input to the basic modules is handled through the 
common geometry module and its associated interfaces. 
A fundamental consideration in the setup of the system 
has been that input to the basic modules would not be 
changed by their incorporation into the overall system. 
However, to minimize . and simplify system input 
requirements, a special geometry module has been created 
to read all input, and then sort and structure the input 
needs of the basic programs. 

2) Program Sequencing 

Program execution is ordered by means of special 
identification cards, read in the executive, which 
initiate a specific operation; for instance; 

GE0N 

This card instructs the executive to have the 
geometry module read configuration geometry. 

PL0TT 

This card orders a plot of the configuration to 
be drawn, according to size and view requirements 
which will be supplied. 

SKFR 

Compute skin friction for the configuration. 

Other similar cards control the other basic modules. The 

configuration that is to be plotted, or analyzed, need not be the 
complete configuration that has been input. Also, the geometry 
definition may be updated without complete replacement of the 
geometry input. 

A summary of the executive control cards is given in Section 4. 

For each basic program, there are some inputs that are not 
geometry. (e.g., flach number, number of longitudinal cuts in 
analysis, etc.) These inputs are given immediately after the 
program calling card and are read in the proper interface routine 
in the geometry module. 

3) Program Answers 

A limited amount of common storage between the different 
programs is used to preserve answers and transfer data 
between modules. The lift analysis module is the 
largest single program in the system. Therefore, some 
common blocks used in the lift analysis program are 
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carried also in the executive level without increasing 
total system size. These data blocks include: 

• Wing camber surface definition 

• Wing thickness pressures 

• Fuselage upwash bouyancy pressures 

• Nacelle pressure field 

• Asymmetric fuselage buoyancy field 
(non mid-wing configurations) 

Another data block transfers the optimized fuselage area 
distribution, based on wave drag considerations, to the 
geometry module for updating. 


3.2 Geometry Module 

The function of the geometry module is to read system geometry 
input, update it if required, and arrange it as needed for the 
individual programs of the system. A schematic of the geometry 
module is shown in figure 3.2-1. 

The geometry module is accessed by the executive control cards 
GEPM NEW (input new configuration) or GEOM (addition or 
replacement of components) . The geometry module is also called to 
update the fuselage or wing camber surface definitions if the 
executive cards FSUP or WGUP are read. 

In addition, the geometry module is called by the executive as an 
intermediate step in the execution of any of the basic programs. 
This requires the proper interface routine to be entered, the 
system geometry to be put into the correct form for the program to 
be executed, and any special (non-geometric) data required to be 
read. This is all stacked in the proper order, whereupon the 
executive then calls the basic program. 

In order to minimize core storage requirements of the input data, 
both the basic system geometry and the transferred input (from the 
geometry module to another program) are stored on tape (or disk). 
The basic system geometry is preserved on a tape when the geometry 
module is not in core, and the input '•stack" for a given program 
is written on a tape to be read by the programs when called by the 
executive. The input tape created by the geometry module thus 
merely replaces the usual input tape written from cards. 

The format of the system geometry input is the same as that of the 
NASA-LRC plot program (reference 2) . Some optional geometry has 
been added, however. This includes provisions for fuselage 
perimeters to be input (if needed by the skin friction program) , 
and provisions for wing camber surface input at planform spanwise 
stations other than those specified for the system geometry. This 
camber surface definition, called WZ0RD, is data in the form 
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normally generated or used by the wing design and analysis 
programs. also, nacelles may be located either in the 2 
coordinate system of the basic geometry, or relative to the local 
wing surface, whichever is more convenient. 


3.3 Plot 

The plot module generates the necessary instructions for drawings 
of the input configuration, either in hard-copy form (Cal Comp) or 
on the cathode ray tube. Various view options are available. The 
view option and drawing size are controlled by program inputs. 


The plot program was developed at NASA-LRC and has been 
incorporated into the system with minimum change. Documentation 
of the program is presented in reference 2. 


A typical configuration drawing generated by the plot program is 
shown in figure 3.3-1. 


3.4 Skin Friction 

Skin friction drag for a configuration is computed by separating 
the airplane into its components, then calculating wetted area and 
the corresponding turbulent skin friction drag for each component. 
The wing, tail and/or canard (components which may have large 
variations in chord length) are strip-integrated to obtain an 
accurate average skin friction coefficient. Skin friction 
coefficients are computed from the method of reference 1. 

Flight conditions for skin friction calculations may be input 
either as Mach number/altitude, or Reynolds number per foot and 
total temperature. If the user wishes to input wetted areas for 
the different components, rather than have the program generate 
the wetted areas from the system geometry, several special input 
options are provided. 

A schematic of the skin friction program is shown in figure 3.4-1. 


3.5 Far-Field Wave Drag Program 

This program computes the zero-lift wave drag of an arbitrary 
configuration by means of the supersonic area rule. The program 
was originally developed at the Boeing Company, and has been 
documented (reference 3) and updated by NASA-LRC. The version of 
the program used in the design and analysis system is that of LRC. 
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FIGURE 3.4- 1. -SCHEMA TIC OF SKIN FRICTION PROGRAM 







The far-field wave drag program is extremely versatile, and 
includes a fuselage area optimization feature which is very 
useful. The fuselage optimization is accomplished by requiring 
the program to optimize the overall area distribution of wing- 
nacelles- tai 1 , etc., subject to a few fuselage area control points 
or '•restraints'*. The program then "fills-in" the non-restrained 
fuselage area distribution in an optimum fashion for minimum wave 
drag. 

In the design and analysis system, a fuselage area distribution 
may be optimized by initially defining it in the basic geometry, 
optimizing the definition in the far-field wave drag program, and 
then transferring the optimized definition to the geometry module 
for use in further design or analysis cycles. The actual transfer 
of the optimized fuselage geometry is performed by use of the 
executive card FSOP, as described in Section 4. 


3.6 Near-Field Have Drag 

The near-field wave drag program computes zero-lift thickness 
pressure distributions for an arbitrary wing-body- nacelle 
configuration. The pressure distributions are integrated over the 
cross-sectional areas of the configuration to obtain the resultant 
drag force. This force may or may not correspond directly to the 
drag computed by the far-field method, depending upon the degree 
of "transparency" specified for the near-field pressure 
integrations. 

By transparency is meant the assumption of the far-field method 
that pressure fields from all components "pass through" and 
interact with all other components, regardless of possible 
physical barriers imposed by in-between components. 

Typical pressure data from the near-field program is presented in 
figure 3.6-1. A wave drag coefficient summary from the program is 
shown in figure 3.6-2. 

The near-field program has three principal uses: 

1) As an analysis tool for studying the zero-lift drag 
forces associated with the interacting pressure fields 
of different configuration components. In this respect, 
the near-field program has an advantage over the far- 
field wave drag method in that there need be no 
assumption of transparency. 

2) As a source of loads data for structural design and 
analysis . 

3) As a source of thickness pressure fields for use in the 
pressure limiting options of the wing design and lift 
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analysis programs. (This option is described in section 
3.7, but basically requires that the total surface 
pressure coefficient on the wing, i.e., thickness* lift , 
cannot be less than some specified fraction of vacuum 
pressure coefficient.) 

If the wing thickness pressures are to be used by the 
wing design or lift analysis programs in pressure 
limiting options, then the near-field program must first 
be run. ' During program execution, the thickness 
pressures are loaded into a system common block and are 
then available where needed. 

Nacelle _ pressure _f ie ld_opt ions . - The near-field program allows 
for up to 3 pairs of nacelles located external to the wing- 
fuselage (or 2 pairs plus a single nacelle at Y=0) . The nacelles 
may be either above or below the wing (or both) . 

The nacelle pressure field is the pressure field imposed on the 
surface of the- wing by the nacelles. A feature of the near-field 
program is the choice of "wrap" or "glance" solutions for the 
nacelle pressure field, as shown in figure 3.6-3. (The far-field 
wave drag program uses essentially the "wrap" solution) . 

Available experimental data do not make it clear whether a "wrap" 
or "glance" solution is more correct. Since the nacelle- on- wing 
interference term is substantial, both solutions are available in 
the program (controlled by an input code) . 


3. 7 Wing Design and Lift Analysis 

The wing design and lift analysis programs are separate lifting 
surface methods which solve the direct or inverse problem of: 

• Design - to define the wing camber surface shape 

required to produce a selected lifting pressure 
distribution. The wing design program includes methods 
for defining an optimum pressure distribution. 

• Lift analysis - to define the lifting pressure 
distribution acting on a given wing camber surface 
shape, and calculate the associated force coefficients. 

The lift analysis program contains solutions for the effect of 
fuselage, nacelles, canard and/or horizontal tail, and wing 
trailing edge flaps or incremental wing twist. Using 

superposition, the program solves for drag-due-to-lif t , lift curve 
slope, and pitching moment characteristics of a given 
configuration through a range of angles of attack at a selected 
Mach number. 
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PRESSURES "GLANCE" AWAY FROM WING AT ADJACENT 
NACELLES 



The nacelle pressure field and accompanying shock waves "glance” 
away from the wing when encountering adjacent nacelles. In 
application, the nacelle generated pressure field is terminated on 
encountering another nacelle. 



PRESSURES "WRAP" AROUND ADJACENT NACELLE 

The nacelle pressure fields and accompanying shock waves 
"wrap" around adjacent nacelles. In application, the nacelle 
generated pressure field is allowed to pass through another 
nacelle as if it were transparent. 


FIGURE 3.6-3.-NACELLE PRESSURE FIELD CONCEPTS 



The wing design program is more limited in scope, since it is used 
to solve for the wing shape required to support a design pressure 
distribution at a specified flight condition. The program also 
contains, however, a number of optional features for identifying 
the design pressure distribution. This is a demanding solution, 
because it requires that: 

• Drag-due-to-lif t of the wing be minimized at a given 
total lift, subject to an optional pitching moment 
constraint. 

• Constraints be applied to the design pressure 

distribution to provide physical realism. 

• Effects of fuselage upwash, nacelle pressure field, 
etc., be reflected in the design solution. 


Wing Design and Optimization 

Given a wing planform and flight condition, the wing design 
program solves for an optimum (least drag) pressure distribution 
and the corresponding wing shape, subject to specified constraints 
on total lift, pitching moment and/or allowable pressure 
coefficients . 

Basically, the method of the wing design program is that of 
references 4 and 5. For use in the integrated design and analysis 
system, however, the program has been substantially expanded to 
provide the following capability: 

• Use of any combination (or all) of ten basic lifting 
pressure loadings, in an optimum fashion. 

• Optional imposition of pressure constraints on the wing 
upper surface, to prevent occurrence of unrealistically 
low pressure coefficients. 

• Optional consideration of three configuration-dependent 
loadings (fuselage upwash and buoyancy, and nacelle 
pressure field) . 

• Optional consideration of three wing camber- induced 

loadings which are proportional to the three 
configuration-dependent loadings. This introduces 
camber-related terms to modulate the configuration 
related loadings (Example: trailing edge reflex for 

nacelle buoyancy loading) . 

• Optional identification of a small planform region 
(e.g., trailing edge flap) for special incremental 
loading. 
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The presentation of the wing design results, for selection of an 
optimum pressure distribution, is in the form of drag-due- to- lift 
versus zero-lift pitching moment ( c mo ). A typical presentation 
is shown in figure 3.7-1, illustrating the effect of increasing 
the number of design loadings and adding the nacelle-buoyancy 
loading. Selecting a drag-due-t o-lif t , C L and c mo combination for 
the wing defines a corresponding pressure distribution which may 
then be used to generate the associated wing camber surface shape. 

Pressure_const ra ints. - The use of a large number of basic wing 
loadings permits great flexibility in identifying a theoretically 
optimum lifting pressure distribution. Such an optimum may be 
physically unrealistic, however. Linear theory contains no 
limitations on allowable surface pressures, and '‘optimum" pressure 
distributions may well involve upper surface pressure coefficients 
lower than vacuum c p . To avoid this possibility, a pressure 
constraint formulation has been added to the solution. This 
functions by limiting the total upper surface wing pressure 
coefficient to be equal to or greater than an input c p . 

By superposition, the total upper surface pressure coefficient is 
the sum of wing thickness pressure (from the near-field wave drag 
program, as noted in Section 3.6) , fuselage pressure field, and 
the upper surface lifting pressure. 

The effect of constraining the allowable design pressure 
distribution to a limit of .7 vacuum is illustrated in figure 3.7- 
2. For a given planform and set of loadings, the program cycles 
to find an optimum pressure distribution subject to the pressure 
limit (with c mo constraint optional). First, an optimum loading 
combination is found, then the corresponding peak pressure is 
located. If it violates the pressure limit, a new optimum loading 
combination is found with a pressure constraint applied at the 
location of the peak pressure. 

This operation is repeated until the wing pressure distribution 
everywhere satisfies the pressure limit. In the example case 
shown in figure 3.7-2, the sequence of peak pressure locations is 
shown, together with the effect of the final constrained solution 
on drag-due- to-lift. 

Loidin g_def in i ti on s. - A tabulation of the pressure loadings 
available within the design program is given in Table I on page 2 3 i 
. The configuration dependent loadings may be used both as an 
independent effect and also as a definition of a loading which may 
be varied (by wing camber) in the optimization process. 

• As an independent effect, the configuration-dependent 
loading acts upon the wing in the optimization process, 
but cannot be varied (loadings 15-17). 
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FIGURE 3.7-1,-EFFECT OF NUMBER OF LOADINGS ON WING DESIGN 
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TABLE / 

DESCRIPTION OF WING LOADING TERMS 

Loading 

Number Definition 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8. 
9. 

10 . 

11 . 

12 

13. 

14. 

15 . 

16. 
17. 


Uniform 

Proportional to x, the distance from the leading edge 
Proportional to y, the distance from the wing centerline 
Proportional to y 

9 

Proportional to x 

Proportional to x(c - x), where c is local chord 
Proportional to x (1 .5 c -x) 

Proportional to 2 (1 + 15 — 

c 

Proportional to (c -x)®‘® 

Elliptical spanwise, proportional to 
Proportional to x, the distance from the leading edge of an 
arbitrarily defined region 

A camber-induced loading proportional to the body bouyancy 
loading 

A camber-induced loading proportional to the body upwash loading 
A camber-induced loading proportional to the nacelle buoyancy 
loading 

The body bouyancy loading 
The body upwash loading 
The nacelle buoyancy loading 


/(I -Y/|) 


23 



• as a loading definition (12-14), a configuration- 
dependent loading may be introduced in addition to its 
independent effect. The optimization then could cancel 
the lift of the independent effect with this loading, if 
that were the optimum solution. 

A configuration-dependent loading may not be used as the source of 
a variable loading without also using it as an independent 
loading. 

Us e of configuration-dependent loadings. - In designing a wing in 
the presence of the nacelle pressure field, the design solution 
includes both the effect of the nacelles on wing lift and drag, 
and also the effect of the wing lift on nacelle drag. an example 
of the inclusion of the nacelle influence on the wing design 
solution is shown in figure 3.7-3. The wing trailing edge is bent 
upward, or "ref lexed" , to take advantage of positive pressure 
coefficients from the nacelle pressure field. 

The loadings due to the fuselage include both lift caused by 

upwash from fuselage incidence, and also lift due to asymmetric 

distribution of fuselage volume above and below the wing (if any) . 

as a special case, the asymmetric fuselage buoyancy loading 
(number 15) , can be used even if its net lift is zero; this 
feature permits the inclusion of fuselage thickness pressures in 
the pressure limiting case for any wing-fuselage arrangement. 
However, if the fuselage buoyancy lift is zero, the use of the 
wing camber loading proportional to the fuselage buoyancy loading 
(number 12) cannot be used, since it would cause the optimization 
solution to fail. 

Optimization of the wing design considering influence of the 

fuselage upwash field is performed iteratively, using both the 

wing design and lift analysis modules. A fuselage shape and 
incidence is first assumed, the corresponding upwash field is 
calculated by the analysis program, and the design solution is 
performed. The resulting camber surface is incorrect in the 
inboard region (the part covered by the fuselage), both because of 
the usual linear theory root difficulties and because the design 
solution does not include the wing-on- fuselage term in the 
optimization. The camber surface may, however, be cut off at the 
side of the fuselage and run in the analysis program to obtain a 
complete solution including the fuselage at all lift coefficients. 

The fuselaqe incidence may then be varied and the cycle repeated. 
The sequence of events and the corresponding executive control 
cards (see Section 4) is as follows: 

Event Executive Ca rd 

Define fuselage GE0M 

Calculate fuselage upwash ANL2 (WHUP=1.0) 
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Design lifting pressure 

Camber ordinate, z coefficient 






WDE2 

ANL2 (TIF2C=3.0) 
GEJ2T M 


Wing design solution 
Analyze configuration 
Redefine fuselage 
Etc. 

When the wing camber surface is finalized, it may be transferred 
into the basic geometry by the executive control card WGUP. (With 
the interactive graphics attached, the design wing shape may also 
be viewed and edited between design and analysis programs). 

Sma ll__planf orm Eg.gion._qpt ion . - Since there may be small regions 

of the wing (such as a trailing edge flap) that could be 
relatively highly loaded to good advantage, a program option 
allows the definition of such a region and a corresponding loading 
(no. 1 1 in Table I) . 

An example of the use of the planform region option is shown in 
figure 3.7-4. Inclusion of the region and loading 11 results in 
a small improvement in drag-due- to- lift, especially as c is 
increased. 

A condition imposed upon the planform region option is that the 
region cannot be re-entrant in the spanwise direction, relative to 
the forward end. The region is input starting at the most inboard 
span station (which will be at the wing trailing edge) , and 
successive span stations must increase monotonically. 

Loading 11 and the small planform region are only used in 
combination with each other. 

Input considerations. - The wing design program principally 

requires the specification of a set of loadings, a design point, 
and the definition of four basic control parameters. The control 
parameters (on card 7 of the design program input) govern the type 
and extent of the solution. 

The design point solution may be obtained with constraints on: 

• c L only 

• c and c 

_ L , mo _ 

• c L and upper surface pressure 

• c , c , and upper surface pressure 

L mo 

The four types of solutions are not completely independent. If 
the and upper surface pressure solution is requested, then the 
program must first generate the C L only solution. Similarly, if 
the c L , c^, and upper surface pressure solution is requested, 
then the "prog ram must first generate the C L and c solution. 
Thus, if the upper surface pressure constraint condition is 
requested, the program performs the corresponding no pressure 
constraint solution whether it was requested or not. 


26 



Q|cn-J'' 


C. =0.1 
design 





FIGURE 3.7-4.-PLANFORM REGION OPTION 
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It is not necessary to calculate the camber surface shape 
corresponding to a specific design point (lift coefficient, 
pitching moment coefficient, constraint condition) in order to 
obtain the drag-due-to-lif t versus c^ o plot. Also, if the design 
camber surface is requested, it may be only printed out, or may be 
also punched into cards (for later input into the lift analysis 
program) . 

Lo ading selection. - Experience with the wing design program has 

shown that the principal loadings of interest in a typical design 
case are the uniform, linear spanwise, linear chordwise, and 
quadratic spanwise loadings, plus also the configuration dependent 
loadings due to fuselage and nacelles (if applicable) . The 
remaining loadings in Table 1 are of diminishing importance in 
obtaining an optimized solution, although useful if pressure- 
limiting is requested, or if a substantial c is to be provided 
by wing camber and twist. 

Evaluation of the resulting wing design by the lift analysis 
program is required to obtain the associated configuration force 
coefficients. This is necessary because the root region of the 
wing (within the fuselage cross-section) is incorrectly loaded by 
the design program, and because the wing design program does not 
consider the drag of the fuselage in isolation or the effect of 
the winq on the fuselage. In addition, the wing design program 
normally calculates a camber surface shape which includes "kinks" 
aft of leading edge breaks (e.g., wing apex) which must be lofted 
out. The lift analysis program is then used to evaluate the 
resultant wing shape. 

Restar t_option. - A "restart" option has been provided in the 
program to minimize computer time on runs involving the same 
planform and Mach number. (i.e., different design points in terms 
of C L * c mo » or pressure constraints) . The restart option works 
as follows: For a given wing planform, Mach number, and set of 
loadings, most of the computer time is used in calculating the 
force coefficients and interference coefficients associated with 
all the component loadings. The calculations involving the 
solution of an optimum combination of loadings, with or without 
constraints, are relatively quick (a few seconds) . However, it may 
be desirable to look at a number of different optimization or 
constraint solutions. Therefore, on successive cases involving 
the same basic loadings, it is possible to bypass the component 
loadings solution and go directly to the optimization routines. 
This is done by setting RESTA RT = -1. in the program input for 
cases 2 and on. 

If the program cases are to be input at a later time, the 
component loadings data may be punched into cards and read back in 
to the computer through use of FESTART= 2. The RESTART=2. data 
deck includes, as well, the definition of any configuration- 
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dependent loadings that were present in the wing design program at 
the time the data deck was punched. 


RESTART=3.0 is a special provision in which the restart data is 
read onto, a tape, which may later he reread in the wing design 
program. This feature is useful in cases where the lift analysis 
program may be run between successive wing designs. (RESTART=3.0 
actually functions the same as RESTART= -1., but RESTART^ -1. can 
only be used on successive wing design cases without exiting the 
wing design program). 


The restart option also will work in the case of a decreased 
number of loadings. E.g., if a maximum (17) loading case were 
run, then the force and interference loading terms for certain 
lesser combinations of loadings are available. Successive cases 
could then be run with different loading combinations to check the 
design sensitivity to certain loadings, without repeating the 
basic loadings calculations. The combinations that can be run are 
only those for a lesser number of loadings and for which the 
loading numbering order is preserved. However, this latter 
condition is not as restrictive as it perhaps sounds, since the 
loadings in Table I can be numbered in arbitrary order in the 
original input by using card set 10 in the design module input 
data. 

Pi&nf or m_con side rat ions and spanwise integration. - The wing 

design program is a direct type solution, i.e., a wing shape is 
calculated from a known pressure distribution. It is not 
necessary to calculate the wing shape at all spanwise stations in 
the grid system used to represent the wing; only a representative 
set of spanwise stations is used. The lift, drag and pitching 
moment coefficients are then computed from a spanwise integration 
of the characteristics obtained at the selected spanwise stations. 

In the program input, the camber surface calculations are 
performed at 11 stations (every 10 percent semi-span) unless 
otherwise specified. If the planform is irregular, particularly 
along the leading edge, additional spanwise stations in the 
vicinity of these irregularities should be input to improve the 
solution accuracy. (This is done through inputs TJBYMX and TJBYS, 
as described in Section 4.) 

In addition, it has been found that the wing root singularity and 
the corresponding root camber line can often be moderated by 
substituting a parabolic apex for the sharp apex common to 
supersonic wing planforms. This will be performed automatically 
in the program if the input YSN00T is not zero. The program then 
fits a parabola tangent to the wing leading edge at YSN00T, with 
symmetry about Y=0. 
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Because the computed camber surface slopes tend to exhibit some 
irreqularity near the leading edge (due to the sawtooth nature of 
the grid system) , a smoothing option is provided in the program. 
This is activated by the code SM00TH in the program input. The 
smoothing technique involves averaging the computed surface slopes 
of each grid element with the slopes of adjacent elements, which 
suppresses any erratic slopes of individual elements. 


Lift Analysis 

Given a wing planform, camber shape, and Mach number, the lift 
analysis program solves for the lifting pressure distribution and 
force coefficients for a range of angles of attack. As options, 
the program will also include the effects of: 

• Fuselage (nominally circular in cross-section, arbitrary 
camber and incidence) 

• Nacelles 

• Canard and/or horizontal tail 

• Wing trailing edge flaps and/or incremental wing twist 

Fnselag.e_sglutions. - Fuselage effects are obtained by calculating 
the isolated fuselage upwash field, then calculating the wing 
solution in the presence of the fuselage upwash field, then 
calculating the fuselage forces in the wing flow field, and 
combining the solutions by superposition. 

The fuselage upwash field is calculated from slender body theory. 
The input area distribution of the fuselage is considered to be 
circular in cross-section. If a digitized fuselage cross-section 
is input into the basic geometry, the area and centroid of each 
section is computed and used to define the area and meanline 
distribution for the analysis program. 

The lift analysis program contains a wing- f us elage intersection 
option. This feature tracks each wing percent chord line out 
through the side of the fuselage (again considered circular in 
cross-section) , and breaks the wing solution into the proper 
exposed and carry-over type lifting pressure calculations. 
Alternatively, the side-of-f uselage span station may be input 
either as a constant or as a table of values to override the wing- 
fuselage intersection option. 

The local fuselage upwash angle is strongly affected by span 
station and wing height on the side of the fuselage. The side-of- 
fuselage span station must be carefully input to avoid exposing 
any wing area to the upwash field that is actually inside the 
fuselage. 

The lift analysis program contains an option to calculate the 
buoyancy field due to unequal fuselage area growth above and below 
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the wing. This pressure distribution, termed asymmetric fuselage 
buoyancy, is calculated by splitting the fuselage area into pieces 
above and below the wing and adding the resultant area growth onto 
the fuselage forebody area distribution. {The fuselage is again 
considered circular, and the side-of-fuselage 2 value is used to 
define the above-wing and below-wing area pieces). The asymmetric 
fuselage term is zero, of course, in the case of a mid-wing 
arrangement. 

The asymmetric buoyancy calculation is requested by input SYflM 
(value greater than zero) . For a fuselage significantly non- 
circular in cross-section, use may be made of two special options 
to define the above-wing and below wing area distributions and the 
corresponding wing-fuselage intersection: 

• SYMM = 2.0 requires input of the above wing and 
below-wing areas. 

• ANYBOD = -10. allows input of definition of the 
wing-fuselage intersection. 

Both of these options require input of the data at the same per 
cent chords used in the camber surface definition. 

Nacelles. - The nacelle calculations are very similar to the 
solution used in the near-field wave drag program. The pressure 
fields imposed by the nacelles on the wing, and wing-on-nacelles, 
are computed and their combined effect on the lifting solution 
obtained through superposition. The effect of the nacelles on the 
wing drag-due-to-lift can be substantial because of lift 
contributed by the nacelle pressure field. Both "wrap" and 
"glance" solutions for the nacelle pressure field are available, 
as described in Section 3.6. 

Canard and horizontal_tail. - Canard and horizontal tail lifting 

pressure distributions and force coefficients are calculated as 
for the wing case. The program assumes that a canard is located 
forward of the wing and a horizontal tail aft of the wing. The 
effects of downwash from upstream lifting surfaces (if any) are 
included in the solution. 

Experimental comparisons. - Theoretical calculations for a typical 
supersonic transport configuration are compared with corresponding 
wind tunnel data in figures 3.7-5 and 3.7-6 (wing-fuselage- 
nacelles) and figures 3.7-7 and 3.7-8 (incremental effects of 
horizontal tail). The theoretical buildup of the zero-lift drag 
coefficient is given in figure 3.7-5. 

The lift analysis program contains an optional pressure limiting 
feature for the wing surface pressures which operates somewhat 
different from the one in the design program. In the design case, 
the local wing angle of attack is not allowed to exceed the value 
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associated with a pressure limit condition. In the analysis case, 
the pressure coefficient limit is imposed, but the local wing 
incidence may greatly exceed the value at which a limit is first 
encountered. 

When the pressure limiting option is used, a set of configuration 
angles of attack for the solution must be provided, and the 
configuration thickness pressures from the near-field program must 
be provided to permit limiting of the total surface pressure. A 
solution for a typical wing through an angle of attack series 
using the pressure limiting feature is shown in figures 3.7 -9 and 
3.7-10. The limiting feature greatly improves the linear theory 
representation of the wing pressure distribution as angle of 
attack is increased. 

Configurationidependent loadings. One mode of lift analysis 

program usage is to generate configuration-dependent data for the 
wing desiqn program. These data are produced as follows: 

DATA DESCRIPTION REQUIREMENTS 

Nacelle pressure field Pressure field caused Call for nacelles 

by nacelles on wing. (AJ3=1.0) 

Fuselage upwash field Pressure field induced Calculate fuselage 

on wing by fuselage effects on wing 

upwash. 

Fuselage buoyancy field Pressure field induced SYMM=1.0 

on wing by unequal fuse- 
lage volume above and be- 
low wing. 

Upon execution, the program then loads the pressure fields into 
the proper system common blocks. 

If the fuselage buoyancy field is not requested (i.e., SYMM = 0.), 
the program computes the pressure field due to a mid-wing 
arrangement. This is done so that a thickness pressure field due 
to the fuselage will be available for pressure limiting 

calculations, if desired. 

In calculating the fuselage upwash or buoyancy fields, it is 
important to remember the powerful influence of wing height on the 
side of the fuselage. This strongly affects both the local upwash 
angles, and the above-and-below wing area distributions. 

Calculation of the fuselage upwash field may be done in either of 
two ways; the principal condition is that the resultant pressure 
field is that due to upwash only. In the computer program, this 
is handled by inputting a camber surface having approximately the 
correct wing -fuselage relationship (wing height, etc.), but then 


\ 
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M = 2.05 



FIGURE 3.7-9.-PRESSURE COEFFICIENT COMPARISON- 
WING 2 (TWISTED AND CAMBERED WING, C L = 0.08) 


w 
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zeroing the wing slfopes in the camber surface calculations (by 
setting WH0P=1.0). In iterative cycles, the wing camber surface 
and fuselage relationship can be refined. 

Alternatively, as a crude starting point in the fuselage upwash 
calculation, the flat wing option can be used. By setting TIF» 
C=2.0, the wing slopes are automatically zeroed and the wing 
height relative to the fuselage will be controlled by the fuselage 
meanline input and the wing leading edge 2 definition (2LED and 2 
FUS in the basic geometry) . 
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4.0 INPUT FORHAT 


Input requirements for the system are given in this section and 
consist of: 


• Executive control card summary 

• Basic geometry definition 

• Additional data input for programs of system 

The usual input format is 10 field - 7 digit, punched with 

decimals to the left in the card fields. Some data (particularly 
the control codes in the basic geometry) are input in integer 
form, without decimal, to the right in the card field. The 
formats are identified in all cases. 

To provide design or analysis flexibility, there are numerous 
program options that are controlled by input codes. Where there 
is a "normal" way of handling the option, the code is defaulted to 
zero (i.e., if the field contains a zero or is blank, the "normal" 
solution will be calculated) . 


**N0TE** 

The interface tape writes input to the program in F10.4 format, so 
that only four places to the right of the decimal point get 
transferred from the interface to the programs, regardless of the 
number of places originally input on cards. 


4.1 Executive Control Card Summary 

Configuration input and program execution are ordered by means of 
control cards read at the executive level. 

The control cards consist of a few alphanumeric characters 
starting in column 1. 

Geometry input. - The configuration geometry is read and 

manipulated in the geometry module. Geometry may be input as all- 
new, or as a replacement or addition to existing geometry. The 
control cards for geometry input are: 

GE0M NEW All-new configuration description follows, 

and any previous geometry is purged. 

(Leave one column space between GE0M and 
NEW) . 

GE0M Input geometry is added to (or replaces) 

existing description. 
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Q^ometri_u£d ate . - The basic geometry description contained in the 
geometry module may be updated using data contained in 0, 0 level 
common blocks. This applies to a new fuselage definition (i.e., 
optimized fuselage from the far-field wave drag program) or a new 
wing camber surface definition. The control cards are: 


FSUP Fuselage will be updated to definition 

contained in /0PB0D/. The /0PB0D/ 
definition is created each time the far- 
field wave drag program executes the 
optimum -fusel age- with- restraints case. 


If the fuselage update is requested, a second card, telling how to 
perform the update, is required. Punch (starting in column 1) the 
following code: 

-1. Fuselage is to be redefined at same x stations as 
previous definition. 


1. Fuselage is to be defined at 50 equally spaced stations. 

WGUP Wing camber surface will be updated to 

the definition contained in /CAMBER/. The 
/CAMBER/ definition is created each time 
the wing design program executes, pro- 
duces a camber surface for a specified set 
of conditions. 


The user must remember that the update for fuselage or camber 
surface will require that the /0PB0D/ or /CAMBER/ definition be 
current. These common blocks will contain the last definition 
produced by the far-field wave drag or wing design programs. 

PE29.E1SL exec ution . - Execution of the programs in the system is 

ordered by the following cards: 


PL0T plot program 

SKFR skin friction program 

FFWD far-field wave drag program 

NFWD near-field wave drag program 

ANLZ lift analysis program 

WDEZ wing design program 


The control card for program execution is the first card of the 
set describing the program data input. Individual program inputs 
are given on the following pages. 
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Multiple case execution with the basic programs of the system is 
possible, as in the stand-alone versions of the programs. The 
data for successive cases are stacked as described in the program 
input description. At the end of the data stack, an END card is 
required to terminate the program. The END card is not needed 
for the geometry module, however. 

Inter act ive_graD hies. - The graphics subroutines in the system are 
activated by the executive card C8T (punched in first three card 
columns) . The CRT card may be placed anywhere in the data deck 
that an executive card may be read. If no CRT card is included, 
the system will execute without accessing any of the graphics 
progra ms. 

A description of the interactive graphics part of the design and 
analysis system is presented in Appendix A. 


4.2 Geometry Program 


The geometry program stores the basic geometry data, and stacks it 
as required by the individual programs of the system. 


Access to the geometry program, to store or alter the 
configuration description, is through the GE0M or GEJ2TM NEW control 
card (see executive control card summary) . 

The format of the geometry input uses both integer (control cards) 
and floating point numbers. All integers are punched right 
justified in their fields on the cards, without decimals. All 
floating point numbers are punched, with decimals, to the left of 
the field in 10 field -7 digit format. The program logic uses the 
component control codes (Jl, J2, etc.) on card 3 as follows: 


Value 

0 


2 

Other 


Use 

Component will not be input. However, if the 
component has previously been input (and not 
purged by a GE(7M-NEW card) the 0 is inter- 
preted as a 2. 

Previously input component is left as is. 

New input for this component replaces 
previous input* 


The logic of treating a 0 as a 2 for existing components is to 
protect data on the geometry file from inadvertent loss. Then, if 
it is desired to add or change a configuration component on 
successive runs, only the new component need be addressed. 
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A control code other than 0 or 2 instructs the program to 
completely replace the previous component description with a new 
one. It is not possible to add a fin or nacelle to a previous fin 
or nacelle; the new description must be complete in itself. 

Deletion of a component is possible only through purging the 
entire configuration, using the GE0U NEW card. 


Card Card Decimal Variable 
Number Column Required Name 


Description 


1 

1-4 

1-8 

2 1 -70 

3 1-3 NO JO 


3 4-6 NO jl 


3 7-9 NO J2 


3 10-12 NO J3 


GE0M or GE0M NEW 

GE0M = geometry addition 
GE0M NEW = all-new geometry 

Any desired title information. 

Reference geometry code. 

0 = Reference geometry not required 

(plot program) 

1 = Read reference area, c, x C g 

2 = Reference geometry same as previous 

case. 

Wing input code 

-1 = Read uncambered wing 

0 = No wing 

1 = Read cambered wing 

2 = Wing same as previous case. 

Fuselage input code 

-1 = Read circular fuselage 

0 = No fuselage 

1 = Read arbitrarily shaped (digitized) 

fuselage 

2 = Fuselage same as previous case 

3 = Read circular fuselage and 

perimeter values. 

Nacelle input code 

0 = No nacelles 

1 = Read nacelles 

2 = Nacelles same as previous case. 



Card. 

Number 

Card 

Column 

Decimal 
Rea uired 

Variable 

Name 

Description 

3 

13-15 

NO 

J4 

Fin input code 





0 ■= No fin 

1 = Read fin data 

2 = Fin data same as previous case. 

3 

16-18 

NO 

J5 

Canard (or horizontal tail) input code 





0 = No canards 

1 = Read canard data 

2 = Canards same as previous case. 

3 

19-21 

NO 

j6 

Fuselage Simplification code 





-1 = Uncambered circular fuselage 

0 = Cambered circular or arbitrary 

fuselage. 

1 = Complete configuration is 

symmetrical with respect to X-Y ( 
plane , which implies uncambered 
circular fuselage if there is a 
fuselage . 

3 

22-24 

NO 

NWAF 

Number of airfoils describing wing. 
2 £ NWAF - 20. 

3 

25-27 

NO 

NWAFOR 

Number of ordinates defining each 
airfoil section. 

3 * NWAFOR * 20. 

3 

28-30 

NO 

NFUS 

Number of fuselage segments. 
0 * NFUS *£ 4 . 

3 

31-33 

NO 

NRADX(l) 

Number of points defining half section 
of first fuselage segment. If fuselage 
is circular, the program calculates the 
indicated number of Y and Z ordinates. 

3 ^ NRADX(l) * 30. 

3 

34-36 

NO 

NFORX(l) 

1 Number of stations for first fuselage 
segment. 

4 * NFORX(l) «s 21. 

3 

37-39 

NO 

NRADX(2) Same as above for segment 2. 

3 

40-42 

NO 

NF0RX(2) Same as above for segment 2. 
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Card 

Card 

Decimal 

* Variable 

Description 

Number 

Column 

Reo uired 

Name 

3 

43-45 

NO 

NRADX(3) Same as above for segment 3 • 

3 

46-48 

NO 

NF0RX(3) Same as above for segment 3* 

3 

49-51 

NO 

NRADX(4) 

Same as above for segment 4. 

3 

52-54 

NO 

NFORX(4) Same as above for segment 4. 

3 

55-5? 

NO 

NP 

Number of nacelles to read. 
NP * 3 . 

3 

58-60 

NO 

NPODOp 

Number of stations at which nacelle 
radii are specified. 

4 ^ NPODOR * 20. 

3 

61-63 

NO 

NF 

Number of fins to read. 
NF ^ 6 . 

3 

64-66 

' NO 

NFINOR 

Number of ordinates defining each fin 
airfoil section. 

3 « NFINOR ^ 10. 

3 

67-69 

NO 

NCAN 

Number of canards to read. 
NCAN * 2. 

3 

70-72 

NO 

NCANOR 

Number of ordinates defining each 
canard airfoil section. 

3 * NCANOR ^ 10. 

If negative, airfoils are non-symmetric. 

4 

1-7 

YES 

RSFA 

Wing reference area 

4 

8-14 

YES 

CBAR 

Pitching moment reference length. 
(Required for ANLZ and WDEZ only) 

4 

15-21 

YES 

XBARIN 

X value of pitching moment center 


(Required for ANLZ and WDEZ only) 
Omit this card if JO (Card 3 ) is 0 or 2. 


Note : 



Wing Description 


Card 

Number 

Card 

Column 

Decimal Variable 
Required Name 

Description 

Omit card sets 

5, 6, 7, 8 and 9 if 

Jl is 0 or 2. 

5 

1-70 

YES 

XAF 

Array of percent chords at which wing 
airfoil ordinates will be specified. 

6 

1-7 

YES 

XLED 

X coordinate of airfoil leading edge. 

6 

8-14 

YES 

YLED 

Y coordinate of airfoil leading edge. 

6 

15-21 

YES 

ZLED 

Z coordinate of airfoil leading edge. 

6 

22-28 

YES 

CLED 

Airfoil chord length 


Note : 

This card 
outboard . 

is repeated for each airfoil, ordered inbo?urd to 

7 

1-70 

YES 

TZORD 

Array of camber Z values referenced to 
Z coordinate of airfoil leading edge, 
ordered leading edge to trailing edge. 


Note : 

This card 
outboard . 

is repeated for each airfoil, ordered inboard to 
Omit card set 7 if wing not cambered. 

8 

1-70 

YES 

WAFORD 

Array of airfoil upper surface half 


thickness ordinates expressed in percent 
chord, ordered leading edge to trailing 
edge. 


Note: Repeat Card Set 8 for each airfoil, ordered from inboard 

to outboard. 


Note: Card Set 9, an option in the plot program input to define 

the lower surface airfoil for an asymmetric airfoil shape, 
was deleted from the basic geometry to reduce core size. 
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Fuselage Description 


Omit card sets 10-15 if J2 is 0 or 2. The fuselage is input in 
segments. Complete input for each segment before going on to next 
segment. A segment may contain <21 defining stations. 

If there is more than one fuselage segment, the first station of 
a segment repeats the definition of the last station of the 
preceding segment (i.e., cross-section is again defined at the 
same X station). Otherwise, a gap in the fuselage description 
will occur between the last station of one segment and the first 
station of the following segment. 


Card 

Card 

Decimal Variable 

Description 

Number 

Column 

Req uired 

Name 

10 

1-70 

YES 

ZFUS 

Array of fuselage X stations 

11 

_l-?0 

YES 

ZFUS 

Array of Z coordinates defining 
fuselage centerline. 


Note : 

Omit card 

set 11 

if J6 4 0 or if J2 = 1 . 

12 

1-70 

YES 

FUSARD 

Array of fuselage cross sectional 
areas. 


Note s 

Omit card 

set 12 

if J2 not equal to -1 or 3- 

13 

1-70 

YES 

FUSPER 

Array of fuselage perimeters. 


Note : 

Omit card 

set 13 if J2 not equal to 3 

14 

1-70 

YES 

SFUS 

Array of Y coordinates defining first 
station half section, ordered bottom 
top. 

15 

1-70 

YES 

SFUS 

Array of Z coordinates defining first 
station half section, ordered bottom 
top. 


Note s 

Repeat card sets 14 and 15 for each station in segment 1 
Omit card sets 14 and 15 if J2 is not equal to 1. 


Notes 

For each fuselage 

segment, repeat card sets 10 thru 15 . 
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Nacelle Description 


Card 

Number 

Card 

Column 

Decimal 

Required 

Variable 

Name 


Description 

Omit card sets 

16, 

17 and 

18 if J3 is 0 or 2. 


16 

1-7 


YES 

POD OR X 

X coordinate 
nacelle 

of origin of first 

16 

( 

8-14 


YES 

PODORY 

Y coordinate 
nacelle 

of origin of first 

16 

15-21 


YES 

PODORZ 

Z coordinate 
nacelle 

of origin of first 

16 

22-28 


YES 

PODZW 

Z coordinate of origin of first 
nacelle, referenced to local wing 


surface . 

0. , program will calculate from 
P0D0RZ 

+D, nacelle is located D units above 
local wing surface 

-D, nacelle is located D units below 
local wing surface 

Note: If PODZW / 0. , P0D0RZ is not required. 

1 7 1-70 YES XPOD Array of X coordinates, referenced to 

nacelle origin, at which nacelle radii 
will be specified. 

18 1-70 YES RPOD Array of nacelle radii. 

Note: For each nacelle, repeat card sets 16 thru 18. 

If P0D0RY is non-zero, a duplicate nacelle is located 
symmetrically to the X-Z plane. 
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Fin Description 


Card 

Number 

Card 

Column 

Decimal 

Required 

Variable 

Name 

Description 

Omit card sets 

19 , 20 and 

21 if J4 is 0 or 2. 

19 

1-7 

YES 


X coordinate of lower fin airfoil 
leading edge. 

19 

8-14 

YES 


Y coordinate of lower fin airfoil 
leading edge. 

19 

15-21 

YES 


Z coordinate of lower fin airfoil 
leading edge. 

19 

22-28 

YES 


Chord length of lower airfoil leading 
edge. 

19 

29-35 

YES 


X coordinate of upper fin airfoil 
leading edge. 

19 

36-42 

YES 


Y coordinate of upper fin airfoil 
leading edge. 

19 

43-49 

YES 

/ 


Z coordinate of upper fin airfoil 
leading edge. 

19 

50-56 

YES 


Chord length of upper airfoil. 

20 

1-70 

YES 

XFIN 

Array of percent chords, ordered 
leading edge to trailing edge, at which 
fin airfoil ordinates will be specified. 

21 

1-70 

YES 

FINORD 

Array of fin airfoil half thickness 


ordinates expressed as percent chord. 
Note: Repeat card sets 19 thru 21 for each fin. 
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Canard (Or Horizontal Tail) Description 


Card Card Decimal Variable 
Number Column Reg uired Name 


Description 


Program identifies horizontal tail or canard by location relative to wing. 
Omit card sets 22-25 if J5 is 0 or 2. 


22 

1-? 

YES 


X coordinate of inboard canard airfoil 
leading edge. 

22 

8-14 

YES 


Y coordinate of inboard canard airfoil 
leading edge. 

22 

15-21 

YES 


Z coordinate of inboard canard airfoil 
leading edge. 

22 

22-28 

YES 


Chord length of 'inboard canard airfoil . 

22 

29-35 

YES 


X coordinate of outboard canard airfoil 
leading edge. 

22 

36-42 

YES 


Y coordinate of outboard canard airfoil 
leading edge. 

22 

43-49 

YES 


Z coordinate of outboard canard airfoil 
leading edge . 

22 

50-56 

YES 


Chord length of outboard canard airfoil 

23 

1-70 

YES 

XCAN 

Array of percent chords , ordered leading 
edge to trailing edge, at which canard 
airfoil ordinates will be specified. 

24 

1-70 

YES 

CANORD 

Array of canard airfoil upper surface 
half-thickness ordinates expressed as 
percent chord ordered leading edge to 
trailing edge. 

25 

1-70 

YES 

CAN0R1 

Same as above for lower canard airfoil 


Note : 

If canard 

is symmetric, omit card set 25 . 


Note : 

For each 

canard , 

repeat card sets 22 thru 25 . 
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4. 3 Plot Program 


This program draws a picture of the configuration defined in the 
basic geometry, as reguested by the codes on card 3. 

Views of the configuration are controlled by the inputs on card 4. 
There will be as many drawings of the configuration as there are 
cards 4. 


Card 

Number 

Card 

Column 

Decimal 

Required 

Variable 

Name 

Description 

1 

1-4 



PL0T 

2 

1-80 



Any desired title information. 

3 

1-7 

YES 

AJl 

Wing input code. 





0. = Ignore wing definition. 

1. = Include wing definition. 

3 

8-14 

YES 

AJ2 

Fuselage input code. 





0. = Ignore fuselage definition. 

1 . = Include fuselage definition 

3 

15-21 

YES 

AJ3 

Nacelle input code. 





0. = Ignore nacelle definitions. 

1 . = Include nacelle definitions 

3 

22-28 

YES 

AJ4 

Fin input code. 





0. = Ignore fin definitions. 

1. = Include fin definitions. 

3 

29-35 

YES 

AJ5 

Canard input code. 





0. = Ignore canard definitions. 

1. = Include canard definitions. 

4 

1 


HORZ 

X, Y, Z for horizontal axis. 

4 

3 


VERT 

X, Y, or Z for vertical axis. 

4 

5-7 


TEST1 

0UT if deletion of hidden lines 
required; otherwise blank. 
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Card 

Card 

Decimal 

Variable 

Description 

Number 

Column 

Required 

Name 

4 

8-12 

YES 

PHI 

Roll angle in degrees. 

4 

13-17 

YES 

THETA 

Pitch angle in degrees. 

4 

18-22 

YES 

PS I 

Yaw angle in degrees. 

4 

48-52 

YES 

PLOTS Z 

Length in inches of maximum config 
uration dimension. 

4 

53-55 



Punch 0RT in these columns 


Note: For each additional plot desired, card 4 will be repeated 

at this position in the data deck. 

51-3 END 


4.4 Skin Friction Program 


Codes on card 3 control inclusion of basic geometry as reguested. 
Where additional input is required (e.g., fuselage perimeter 
option) , input arenas or lengths in units consistent with the basic 
geometry definition. 

The skin friction coefficient subroutine in the program requires 
lengths in feet. The input lengths are converted to feet, if 
necessary, using the factor SC& HOD on card 5 or 6. 

Inputs on cards 3 and 4 are integers, and must be right- justified 
in the field, without decimal. The other input are 10 field -7 
digit format, with decimals. 


Card Card Decimal Variable 
Number Column Required Name 

1 1-4 SKFR 



2 1-70 


Any desired TITLE information 
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Card Card Decimal Variable 
Number Column Required Name 


Description 


3 


3 


3 


3 


1-3 NO 


4-6 NO 


7-9 NO 


10-12 NO 


Jl Wing input code 

-1 = Wing defined in basic geometry. 

Make no correction for wing- 
fuselage joint. 

0 = No wing defined. 

1 = Wing defined in basic geometry. 

Subtract wing root area from 
fuselage wetted area. 

2 = Wing same as preceding case. 

J2 Fuselage input code 

-1 = Wetted area and reference length 

will be input. 

0 = No fuselage defined. 

1 = Fuselage defined- in basic 

geometry. 

2 = Fuselage same as preceding case. 

J3 Nacelle input code 

-1 = Wetted area and reference length 
will be input. 

0 = No nacelles defined. 

1 = Nacelles defined in basic geometry. 

2 = Nacelles same as preceding cases. 

J4 Fin input code 

-1 «* Fins defined in basic geometry. 

Make no correction for fin- 
fuselage joint. 

0 «= No fins defined. 

1 = Fins defined in basic geometry. 

Subtract fin root area from 
fuselage wetted area. 

2 = Fins same as preceding case. 
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Card 

Number 

3 


4 


4 


4 


4 

5 
5 
5 


Card Decimal Variable 
Column Required Name 


Description 


13-15 NO J5 Canard (or horizontal tail) input code 

-1 = Canards defined in basic geometry. 
Make no correction for canard - 
fuselage joint. 

0 = No canards defined. 

1 = Canards defined in basic geometry. 

Subtract canard root area from 
fuselage wetted area. 

2 = Canards same as preceding case. 


1-4 

NO 

Kl 

Maoh number-altitude combination oode 




-Kl « Combination same as preceding 
case. 

0 = Use Mach nuinber-Reynolds 
combinations . 

Kl = Number of Mach-altitude combin- 
ations. Kl - 20 

5-8 

NO 

K4 

Mach number -Reynolds combination code 




-K4 = Combinations same as preceding 
case. 

0 = Use Mach number-altitude 
combinations . 

K4 = Number of Mach-Reynolds combin- 
ations. K4 ^ 20 

9-12 

NO 

NXTPT 

Miscellaneous components code. 




-NXTPT = Same components as preceding 
case. 

0 = No miscellaneous components 
defined . 

NXTPT = Number of miscellaneous 
components. NXTPT ^ 10. 

13-19 

YES 

POVLP 

Total overlap area for nacelles 
Subtract from wing wetted area. 

1-7 

YES 

AM 

Mach number 

8-14 

YES 

AL 

Altitude (feet/1000.) 

15-21 

YES 

DELT 

Temperature deviation from standard 
day (°F) 
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Card 

Number 

Card 

Column 

Decimal Variable 
Required Name 

Description 

5 

22-28 

YES 

SCAMQD 

Scale factor to convert input dimensions 
to feet. 


Note : 

There will 
Omit card 

be Kl of these cards, 
set 5 if El is 0 or negative. 

6 

1-7 

YES 

AM 

Mach number 

6 

8-14 

YES 

RNPFL 

Reynolds Number per foot length x 10. “6 

6 

15-21 

YES 

SCAMOD 

Scale factor to convert input dimensions 
to feet. 

6 

22-28 

YES 

TOTEM 

Total temperature (°R) 


Note s 

There will 
Omit card 

. be K4 of these cards. 

set 6 if K4 is 0 or negative. 

7 

1-7 

YES 

SWETRB 

Fuselage wetted area 

7 

8-14 

YES 

FUSL 

Fuselage reference length. 


Note s 

Omit card 7 if J2 

is 0, 1 or 2. 

8 

1-7 

YES 

SWETNA 

Total nacelle wetted area 

8 

8-14 

YES 

TODL 

Nacelle reference length. 


Note : 

Omit card 

8 if J3 

is 0, 1 or 2. 

9 

.1-7 

YES 

SWETXP 

Wetted area of miscellaneous component. 

9 

8-14 

YES 

RXLP 

Reference length of miscellaneous 
component . 

9 

15-24 


PTITLE 

Any desired title information. 


Note i There will be NXTPT of these oards. 

Omit card set 9 if NXTPT is 0 or negative. 


For each new case, add Cards 2 through 9 at this position in the data deck. 
10 1-3 END 
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4.5 Far-Field Wave Drag Program 


Codes on card 3 control inclusion of basic geometry data as 
requested. The case number in first field of card 4 is an 
integer, and must be right justified in the field, without 
decimal. Other input are in 10 field, -7 digit format. 

If the fuselage restraint feature is used, the resulting fuselage 
definition for the last case will be stored and can be used to 
update the basic geometry (see executive control card summary, 
FSOP) . 

Multiple cases involving a given configuration description (e.g., 
various Mach numbers) may be run by a card 4 series. If the 
geometry is to be changed, an END card must be input and the 
program re-entered by an FFWD or GEOM and FFWD set-up. 


Card 

Number 

Card 

Column 

Decimal 

Required 

Variable 

Name 

Description 

1 

1-4 



FFWD 

2 

1-80 



Any desired title information. 

3 

1-7 

YES 

AJl 

Wing input code. 





0. = Ignore wing definition. 

1 . = Include wing definition. 

3 

8-14 

YES 

AJ2 

Fuselage input code. 





0. = Ignore fuselage definition. 

1. = Include fuselage definition. 

3 

15-21 

YES 

AJ3 

Nacelle input code 





0. = Ignore nacelle definitions. 

1. = Include nacelle definitions. 

3 

22-28 

YES 

AJ4 

Fin input code. 





0. = Ignore fin definitions. 

1. = Include fin definitions. 

3 

29-35 

YES 

AJ5 

Canard (or horizontal tail) input 


0. = Ignore canard definitions. 

1. = Include canard definitions. 



Case Cards 


Cards 4 input a series of cases of different Mach number, cut or 
theta variables, and/or fuselage restraints. The solution is 
performed with the fuselage as input, and also for an optimum 
fuselage shape (subject to restraint points at which the fuselage 
shape must be as input). If no fuselage restraint is specified 
(NREST = 0.), one will be assumed at the station of maximum 
overall area. If NREST>0. , a restraint card (card 5) will follow 
the case card, and that restraint condition will apply for 
subseguent cases if NREST is not changed. 


Card 

Card 

Decimal 

'Variable 

Description 

Number 

Column 

Req uired 

Name 

4 

1-4 

NO 

NCASE 

Case identification (right- justified) 

4 

8-14 

. YES 

XMACH 

Mach number 

4 

15-21 

YES 

NX 

Number of equal intervals into which the 
portion of the X-axis, XA to XB for each 
roll angle, is to be divided. NX - 100. 
and an even number. 

4 

22-28 

YES 

NTHETA 

Number of equal intervals into which the 
domain of theta (-90° to 90°) is to be 
divided. 

If the area distribution at only theta 
= -90 is desired, then NTHETA - 36 and a 
multiple of four. 

4 

29-35 

YES 

NREST 

Number of X stations for fuselage 
restraint points (- 10.), used for all 
subsequent cases if NREST does not 
change . 

If NREST = 0 . , program assumes restraint 
points at nose, base, and station of 
maximum overall area. 

5 

1-70 

YES 

XREST 

Array of fuselage stations, (including 
nose and base) at which computed minimum 
drag curve will be restrained to input 
area. 


Note: Repeat card 4 for each new case. Only 1 card 5 

may be input, after first card 4 with NREST 4 0. 



4.6 Near-Field Have Drag Program 


Two options are provided for fairing the wing section shape at a 
given spanwise station: linear or second order, controlled by 
TNOPCT on card 4. 

The code ANY80D (on card 5) identifies the span station of the 
inboard end of the wing for calculating wing thickness pressures 
and wave drag. This is the y value of the wing-fuselage 
intersection if there is a fuselage. 


Card 

Number 

Card 

Column 

Decimal 
Req uired 

Variable 

Name 

1 

1-4 



2 

1-72 



3 

1-7 

YES 

AJ2 

3 

8-14 

YES 

AJ3 

4 

1-7 

YES 

TNOPCT 

4 

8-14 

YES 

XM 

4 

15-21 

YES 

TNOM 

4 

22-28 

YES 

D0NT 


Description 

NFWD 

Any desired TITLE information. 
Fuselage input code. 

0. = Ignore fuselage definition. 

1. = Include fuselage definition. 

Nacelle input code. 

0. = Ignore nacelle definitions. 

1. = Include nacelle definitions. 

Fairing code. 

-1. = Linear chordwise fairing. 

0. = Second order fairing. 

Basic Mach number for this case. 

Number of additional Mach numbers. 
TNOM * 5. 

Wing data printout code. 


0. = Minimal printout. 

2. = Thickness pressure coefficients at 
each grid element in the wing 
calculations will be printed. 

101. = Velocity potential will also be 
printed. 
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Card 

Number 


4 


4 


4 

5 
5 


5 


5 


6 


7 


8 


Card Decimal Variable _ „ 

Column Required Name Descri p tion 


29-35 

36-42 

43-49 

1-7 

8-14 

15-21 

22-28 

1-35 

Note : 
1-70 

Note : 

1-3 


YES 

YES 

YES 

YES 

YES 

YES 


YES 


YES 


TNON Number of semi-span element rows in 
wing calculations, TNON ^ 40. 

If blank, TNON Set to 40. 

TJBYMX Number of spanwlse stations at which 

wing thickness pressures are calculated. 
TJBYMX * 24. Leave blank if TNON not 
specified. 

TNCUT Number of body 'stations at which 

pressure coefficients are calculated 
(* 60). If blank, TNCUT set to 50. 

ANYBOD Wing Y dimension at inboard edge. If 
negative, program will solve for wing- 
fuselage intersection. 

WRAP Nacelle pressure field code. 

-1. = Wrap solution for nacelle 
pressure field is desired. 

1. = Glance solution is performed. 

DLT2 Interference printout code. 

-1 . = Summary table printout only. 

1 . = Details of nacelle/fuselage 

interference calculations will be 
printed. 

BCUT Number of divisions of nacelles used to 
define nacelle pressures and Whitham 
F(Y) function. BCUT ^40. If blank, 
BCUT set to 40. 

TXM Array of additional Mach numbers. 

Solution will be performed for these 
Mach numbers after the solution for XM. 


There will be a total of TN0M values on the card. 
Omit this card if TN0M = 0. 


YES TYB2 Array of semi-span values of element 

row at which wing thickness pressures 
are calculated. 


These values should be whole numbers beginning 
with 0. and ending with TNON. 

Up to ten values per card. Up to three cards. 
Omit these cards if TJBYMX was not specified. 

END 
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4.7 Wing Design Program 


The wing design program principally requires a wing planform 
(supplied from the basic geometry) , a description of the loadings 
to be used in optimizing the wing shape, and specification of the 
design point and constraints to be applied to the solution. 

Punch all data, with decimals, to the left in the card columns (10 
field -7 digit format). 

Default options are provided to help keep input simple. These 
include: 

• TLOADS This is the number of loadings to be used 

in finding an optimum loading combination. 

If input as a positive number, the specified 
number of loadings will be taken, in order, 
from the table on page 62. (A negative sign 
requires the user to list the loading numbers 
to be used.) 

• XOCNUM This is the number of percent chords used in 

printing the camber surface output. If in- 
put as -12.0, standard percent chords are 
used. 

• TJBYMX Standard semi-span stations are provided if 

TJBYHX = 0. 

If program options are used that require wing thickness pressures, 
nacelle buoyancy field, fuselage upwash loading, or asymmetric 
fuselage loading, it is necessary to have previously run the near- 
field wave drag or lift analysis programs to load the proper 
tables. This is done as follows: 

• Nacelle buoyancy Way be calculated by either wing 

loading analysis program or near- field wave 

drag program. 

• Wing thickness Obtained from near-field wave drag 

pressures program. 

• Fuselage upwash Obtained by running lift analysis 

loading program with wing slopes zeroed 

(WHUP =1.0). 

• Asymmetric Obtained from lift analysis program 

fuselage loading with SYMW = 1.0. 

The most efficient way to obtain all of the configuration 
dependent data is to first run the near-field wave drag program. 
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WING DESIGN LOADINGS 


Loading 

Number 

1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9: 

10. 

11 . 

12 . 

13 . 

14. 

15 . 

16. 
17. 


Definition 

Uniform 

Proportional to x, the distance from the leading edge 
Proportional to y, the distance from the wing centerline 

O 

Proportional to y 
Proportional to x 

Proportional to x(c - x), where c is local chord 

O 

Proportional to x (1.5 c -x) 

Proportional to 2 (1 + 15 — T®' 

Proportional to (c -x)®‘® 

Elliptical spanwise, proportional to V(1 - y/^) 

Proportional to x, the distance from the leading edge of an 
arbitrarily defined region 

A camber-induced loading proportional to the body bouyancy 
loading 

A camber-induced loading proportional to the body upwash loading 
A camber-induced loading proportional to the nacelle buoyancy 
loading 

The body bouyancy loading 
The body upwash loading 
The nacelle buoyancy loading 



without nacelles, to get the wing thickness pressures. Then run 
the lift analysis program, with nacelles, and with the zero slope 
option (WHUP = 1.0) and asymmetric fuselage option (SYMM /0.). 

The fuselage upwash loading will be that obtained with the 
fuselage at input incidence. If the upwash fields corresponding 
to a series of fuselage angles of attack are desired, it will be 
necessary to change the fuselage definition and rerun the lift 
analysis program to produce each upwash pressure loading. 


**CAUTI0N** 

The loading options must be used with some care. Loadings 12-14 
cannot be used without also using loadings 15-17. Loading 11 
cannot be used without specifying a corresponding planform region 
(ANOARB>0) . If all loadings are requested, the resultant optimum 
combination of loadings (and camber shape) may be physically 


unrealistic if no constrai 
coefficient are imposed. 


Card Card Decimal Variable 
Number Column Required Name 

1 1-4 

2 1-70 

3 1-7 YES AJ3 

3 8-14 YES TNON 


3 15-21 YES TJBYMX 


3 22-28 YES TIFAF 


ts on upper surface pressure 


Description . 

WDEZ 

Any desired TITLE Information 
Nacelle input code 

0. = Ignore nacelle definition 

1. = Include nacelle definition 

(required if loading 17 is used) 

Numbers of semispan elements in wing 
grid system. 2. - TNON — 50. 

If blank, TNON set to 40. 

Number of semispan stations at which 
camber surface is calculated. 

2. <s TJBYMX ^ 25. 

Flat plate calculation code 

-i . = Use data from previous case. 

0. = Flat plate calculation will be 

made . 

1 . = Flat plate calculations will not 

be made. (Card 9 must be input). 
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Card Card Decimal 'Variable 

Number Column Required Name Description 

4 1-7 YES AFRINT Printed output code, 

-2. = Summary output printed. 

-1. = Input data (except large tables) 
and summary output printed. 

0. = Input data, output summary and 

camber shapes at design condition, 
if requested, are printed. 

1. = Same as APR I NT =0., plus some 

diagnostic data. 

2. = All input, output and diagnostic 

data printed. 

4 8-14 YES SMOOTH Code to determine smoothing procedure 

applied to camber surface longitudinal 
slope at each span station. 

0. = No smoothing performed. 

1. = Smooth-as-you-go technique used. 

3* = Three point smoothing technique 

used. 

4 15-21 YES RESTART Code to determine disposition of force 

and moment coefficients for component 
and interference loadings. 

-1 . = Data from previous case will be 
used. 

0. = Data will be calculated by program 

for use in current case and 
subsequent cases. 

1. = Data will be calculated, and also 

punched on cards. 

2. = Data are read from card sets 17 

through 19. 

•3. = Data are read from tape 3 
(written by previous case) 


4 

22-28 

YES 

YSNOOT 

Y value for parabolic apex tangent to 
wing leading edge. (Leave blank if not 
used. ) 

5 

1-7 

YES 

XM 

Basic Mach number 

5 

8-14 

YES 

CMO 

Design value of pitching moment 
coefficient at zero lift. 

5 

15-21 

YES 

CLDZIN 

Value of design lift coefficient. 

If blank or zero, CLDZIN set to 1.0. 
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Card Card Decimal Variable 
Number Column Required Name 


Description 


5 22-28 YES TLOADS Number of loadings to be combined 

2. ^ TLOADS * 1? 

TLOADS < 0 . = Loading numbers will be 
input on card(s) 10. Loading numbers 
will be taken from table on page 62 . 
TLOADS > 0. = Loadings will be in the 
order tabulated oh page 62. 

E.g., if TLOADS <=3.0, first 3 loadings 
from page 62 will be used. 


5 29-35 YES XOCNUM Number of chordwise locations at which 

camber ordinates will be printed, 
corresponding to options selected on 
card ?. (XOCNUM) ^ 20. 


-12. = Default locations of 0., 5* » 10., 
20., 30., ... 90., 100. as used. 
Omit card 1 1 . 

+ = Values in percent of local chord 
will be input (card 11). 


5 36-42 YES AN0ARB Numbers of points on cards i.2 and 13 

used to define the arbitrary region of 
the wing planform for loading number 11. 
ANOARB - 20. If blank, cards 12 and 13 
not read. 


6 1-7 YES AXCPLIM Number of chordwise locations (card set 

14) used to specify wing upper surface 
limiting pressures. AXCPLIM - 15* 


- = Use values from previous case if 
/AXCPLIM/ same as previous case. 

0. = Card sets 14, 15 and 16 not read. 
+. = Card set 14, 15 and 16 are read. 

6 8-14 YES AYCPLIM Number of spanwise stations (card set 

16) used to specify wing upper surface 
limiting pressures. Needed only if 
AXCPLIM > 0. AYCPLIM ^15. 

6 15-21 YES TXCPT Code to request use of wing thickness 

pressures in pressure limiting 
calculations. 

0. = Wing thickness pressures not used. 

1. = Wing thickness pressures used. 
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Solution and Constraint Options 


Card 7 contains four inputs which control the extent of the solution and the 
constraints to be applied. Each of the 4 inputs may take on 4 different 
values, as follows: 

0. No solution of this type desired. 

1. Calculate pressure distribution, drag, and pitching moment for 
optimum combination of loadings. 

2. Same as 1, plus also calculate the wing shape required to 
support the optimum pressure distribution. 

3. Same as 2, plus also punch the wing shape on cards. Order is 
percent chords for ordinates, percent span stations, and then 
the ordinates in percent chord. 10F7.3 format. (May be input 
directly into wing analysis program with TIFZC = 1.0). 


Card 

Number 

Card 

Column 

Decimal 
Req uired 

Variable 

Name 

7 

1-7 

YES 

CONSTR(l) 

7 

8-14 

YES 

C0NSTR(2) 

7 

15-21 

YES 

C0NSTR(3) 

7 

22-28 

YES 

C0NSTR(4) 


Description 

Obtain solution for minimum drag with 
constraint on Cl only. 

Obtain solution with constraints on 
Cl and C mo (requires C mo value on 
card 5) • 

Obtain solution with constraint on Cl 
and pressure limiting on wing upper 
surface. 

Obtain solution with constraint on Cl 
and C mo , plus pressure limiting on 
wing upper surface. 
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Card. Card Decimal Variable 
Number Column Required Name 


Description 


8 


l-?0 YES TJBYS Array of semispan stations at which the 

camber surface is calculated. 

Note: Up to ten values per card. There will be a total of 

TJBYMX whole numbers which must begin with 0.0 and end with 


X coordinate of wing aerodynamic center. 

Flat wing lift-curve slope (per degree), 
based on the reference area for force 
and moment coefficients. 

Flat wing lift-dependent drag factor. 

Planform area in program units. 

Omit this card if TIFAF ( card 4) ^ 0. 

The data on card 9 would normally be calculated by a 
previous run of the same planform at the same Mach number. 




TNON. 
0., 4. 

If TJBYMX 

, 8., 12., 

9 

1-7 

YES 

XF 

9 

8-14 

YES 

SCL9 

9 

15-21 

YES 

DF 

9 

22-28 

YES 

AREA9 


Note ! 


10 1-70 


11 1-70 


12 1-70 


YES 

TLOAD 

Loading numbers for use in pressure 
optimization. Integer numbers from 
1.0 to 17.0, TLOADS (see card 5 ) i n 
number, and in arbitrary order. Up to 
10 values per card. Omit card(s) 10 if 
TLOADS >0. 

YES 

TPCT 

Array of X/C (percent of local chord) 
values will be interpolated at each 
span station. 

Omit card ( s ) 11 if X0CNUM = -12. 

YES 

YARB 

Array of Y coordinates which define an 
arbitrary planform region for loading 
number 11 . 


Note: Up to ten values per card. Up to two cards. 

There will be a total of ANOARB values. 

If ANOARB (card 5 ) Is blank, omit card set 12. 

13 1-70 YES XARB Array of X coordinates which define an 

arbitrary planform region for loading 
number 1 1 . 


Note: Up to ten values per card. Up to two cards. 

There will be a total of ANOARB values. 

If ANOARB (card 5) is blank, omit card set 13 . 
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Card Card Decimal Variable 
Number Column Reg uired Name 


Description 


14 l-?0 YES XCPLIM Array of chordwise locations (percent of 

local chord) used to define the wing 
upper surface limiting pressure 
coefficient. Needed if C0NSTR(3) or (4) 
is 4 0 on card 7 . 


Note; - Up to ten values per card. 

There will be a total of AXCPLIM values starting with 0. 
and ending with 100. If AXCPLIM is not positive , omit card 
set 14. 


15 1-70 YES YCPLIM Array of spanwise locations (percent or 

semispan) used to define the wing upper 
surface limiting pressure coefficient. 

Note: Up to ten values per card. 

There will be a total of AYCPLIM values starting 
with 0. and ending with 100. 

If AXCPLIM is not positive, omit card set 15. 

16 1-70 YES CPLIMIT Array of limiting pressure coefficients 

on the wing upper surface. All 
coefficients at a given semispan are 
input in the same order as XCPLIM. 

Begin each semispan set on a new card 
and in the same order as YCPLIM. 


Note: Up to ten values per card. 

There will be a total of AXCPLIM X AYCPLIM values. 
If AXCPLIM is not positive, omit card set 16. 


*17 

1-80 


TITLE 

Title card of RESTART data. 

*18 

1-80 

YES 

RESTRT 

Array of force and moment coefficients 
for component and interference loading, 
as punched from a previous run, for 
restarting program execution. 

*19 

1-60 

NO 

IRESTRT 

Array of elements per semispan station 
used in integration process as punched 
from previous run for restarting 
program execution. 

20 

Note : 

1-3 

Omit cards 

17-19 if RESTART (card 4) is not equal to 2.0. 
END 


*The restart card sets 17-19 are printed on the Output file and identified 
by the statement : RESTART DATA PUNCHED , DECK IMAGE FOLLOWS . 



4.8 Lift Analysis Program 


Codes on cards 3 and 4 control the inclusion of basic geometry 
data as reguested. Input is in 10 field -7 digit format. 


Note that the wing camber surface may be defined in several ways, 
controlled by input TIFZC on card 4: 

TIFZC 

"0. or 1. Input to lift analysis program on cards 


2. Flat wing (Z = 0 everywhere) 

3. As defined by wing design program (which 
must have been run previously) . 


4. 


As defined in basic geometry. 


The wing camber surface input to the lift analysis program will 
automatically be used to update the basic geometry definition if 
TIFZC = 0. or 1. 

By definition, a canard is required to be located forward of the 
wing, and a horizontal tail aft of the wing. one each is allowed, 
and they may both be input at the same time. 


If the pressure limiting feature (controlled by FLIMIT on card 4) 
is used, it requires the wing thickness pressures from the near- 
field wave drag program, which must have been run previously at 
the same Mach number. 


All angles are input to the program in degrees. 


Card Card Decimal Variable 
Number Column Reg uired Name 


Description 


1 

1-4 



ANLZ 

2 

1-70 



Any desired TITLE information. 

3 

1-7 

YES 

AJ2 

Fuselage input code. 


0. = Ignore fuselage definition. 

1. = Include fuselage definition. 
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Card 

Number 

Card 

Column 

Decimal * 
Req uired 

Variable 

Name 

Description 

3 

8-14 

YES 

AJ3 

Nacelle input code. 




- 

0. = Ignore nacelle definitions. 

1. = Include nacelle definitions. 

3 

15-21 

YES 

AJ5 

Canard input code. 





0. = Ignore canard definition. 

1. = Include canard definition. 

3 

22-28 

YES 

AJ? 

Horizontal tail input code. 





0. = Ignore horizontal tail definition. 

1. = Include horizontal tail definition 

4 

1-7 

YES 

TJBYMX 

Number of spanwise stations defining 
camber surface. TJBYMX - 20. 

4 

8-14 

YES 

TNOPCT 

Number of percent chords defining each 
spanwise station. TNOPCT - 20. 

4 

15-21 

YES 

TIFZC 

Code for camber surface ordinate. 





0. = Z is input. 

1. = Z/C (percent) is input. 

2. = Flat wing option (z = 0). 

3. = Camber surface is defined in 

common block /CAMBER/. 

4. = Use definition contained in basic 

geometry. 


Note : 

If TIFZC 
TYB2 and 

is 2. , 3* 
WZORD are 

, or 4., inputs TJBYMX, TNOPCT, TPCT, 
not required. 

4 

22-28 

YES 

TNOM 

Number of Mach numbers in addition to 
basic Mach number XM. TNOM - 5* 

4 

29-35 

YES 

FNON 

Number of semi-span rows in wing grid 


system. FNON - 40. If left- blank, will 
be set to 40. 
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Card 

Number 

Card 

Column 

Decimal 

Required 

Variable 

Name 

Description 

4 

36-42 

YES 

FLIMIT 

Limiting pressure feature code. 

0 = feature not desired. 

FLIMIT = number of configuration angles 
of attack for solution using pressure 
limiting. 

5 

1-? 

YES 

TNFLAP 

Number of trailing edge flaps on right 
hand wing. TNFLAP - 5- 

5 

8-14 

YES 

TNTWST 

Number of values (Y in percent, and 
angle) to define wing twist. Relative 
to input wing shape. TNTWST ^ 40. 

5 

15-21 

YES 

TNALP 

Number of canard angles of attach (- $). 
Not required if AJ5 = 0. 

5 

22-28 

YES 

WRAP 

Code for nacelle pressure field solution 





-1 . = wrap 
1 . = glance 

5 

29-35 

YES 

OXML 

Mach number input code for nacelle 
pressure field calculations. 





0. = Free stream Mach number used-. 

1. = Mach number input on card 19. 

5 

36-42 

YES 

DLT2 

Nacelle pressure field calculation 
printout code . 





-1 . = summary only 
1 . = detailed printout 

5 

43-49 

YES 

BCUT 

Number of cuts used to define pressure 
signature from nacelles. If blank, will 
be set to 40. BCUT * 40. 

6 

1-7 

YES 

ANYBOD 

Wing/fuselage intersection Y value. If 
negative, solve for intersection. If 
ANYBOD = -10.0, intersection will be 
input on Card Sets 14-16. 

6 

8-14 

YES 

THALP 

Number of horizontal tail angles of 
attack. THALP ^10. Not required if 

A TO A 


AJ7=0. 
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Card 

Card 

Decimal 

Variable 

Number 

Column 

Required 

Name 

6 

15-21 

YES 

SYMM 


6 

22-28 

YES 

SM0G0 

6 

29-35 

YES 

WHUP 


7 

1-7 

YES 

XM 

7 

8-14 

YES 

TZSKAL 

7 

15-21 

YES 

CLIN(l) 

7 

22-28 

YES 

CLIN(4) 

7 

29-35 

YES 

CLIN(5) 

7 

36-42 

YES 

CLIN(6) 

7 

43-49 

YES 

CLIN(5) 

7 

50-56 

YES 

CLIN(6) 

8 

1-35 

YES 

TMACH 


Description 


Asymmetric body volume term calculation 
code. 

0. = Do not calculate 

1 . = Calculate 

2. = Calculate using area distribution 

input on Card Sets 1? and 18. 

Smoothing code. 

0. = Use 9 term smoothing 

1 . = Use smoothing-as-computed pressure 

calculation. 

Wing slope control code. 

0. = Wing slopes calculated from input 

camber surface. 

1. = Wing slopes = 0. (used for fuselage 

upwash field). 

Basic Mach number for case. 

Scale factor for input Z ordinates. If 
blank, no scaling performed. 

Number of lift coefficients input for 
first Mach number (XM) at which the 
combined flat plate and camber pressure 
coefficients will be computed. 

(CLIN(l) *5.) 

Same as CLIN(l) for fourth Mach number 
(TMACH(3)). 

Same as CLIN(l) but for fifth Mach 
number (TMACH(4)). 

Same as CLIN(l) but for sixth Mach 
number (TMACH(5)). 

Same as CLIN(l) but for fifth Mach 
number (TMACH(4)). 

Same as CLIN(l) but for sixth Mach 
number (TMACH(5) ) • 

Array of additional Mach numbers for 
this case. TNOM values. Omit this card 
if TNOM = 0. 


72 



Wing Camber Surface Definition 


Card Card Decimal Variable 
Number Column Rep uired Name 


Description 


Omit card sets 9» 10 and 11 if TIFZC = 2. , 3» » or 4. 


9 1-70 YES TPCT Array of chord percentages at which Z 

(or Z/c) ordinates are input and 
pressure coefficients axe evaluated and 
output . 


10 


11 


Note: Up to ten values per card. Up to two cards. 

There will be a total of TNOPCT values from 
0. through 100. 


1-70 YES TYB2 Array of semi-span percentages at which 

Z (or z/c) ordinates are input. 


Note : Up to ten values per card . There will be a 

total of TJBYMX values from 0. through 100, 

1-70 YES WZORD Array of Z (or z/c) ordinates of the 

right hand wing camber definition. All 
ordinates at a given semi-span are input 
in the same order as TPCT. Begin each 
semi-span percent on a new card and in 
the same order as TYB2. 

Note : Up to ten values per card . 

There will be a total of TPCT x TYB2 values. 


Wing Twist Definition 


Omit cards 12 and 13 if TNTWST =0. 

12 1-70 YES YTWIST Array of semi-span percentages at which 

wing twist angles are input. 

Note: Up to ten values per card. Up to four cards. TNTWST values. 

13 1-70 YES ATWIST Array of twist angles, in degrees, 

corresponding to YTWIST. A positive 
angle means an increase in local angle 
of attack. Linear interpolation is used 
for points between input points. 

Note: Up to ten values per card. Up to four cards. TNTWST values. 
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Wing-Fuselage Intersection 


Omit cards 14-16 if ANYBCD 4 -10. 


Card 

Number 

Card 

Column 

Decimal 

Required 

Variable 

Name 

Description 

14 

1-70 

YES 

WX 

X values 

15 

1-70 

YES 

WY 

Y values 

16 

1-70 

YES 

WZ 

Z values 


Input X array defining wing-fuselage intersection, then Y and Z. 
Start each array on a new card. Values are input at the percent 
chords of the camber surface definition (Card 9) » or basic 
geometry definition (if WZORD not input). 


Asymmetric Fuselage Area Input 


Omit 

cards 17 and 

18 if SYMM 4 2.0 


17 

1-70 

YES 

A0VR 

above-wing area 

18 

1-70 

YES 

AUND 

under-wing area 


Input area distribution above wing, then below. Start each array 
on a new card. Values are input at the percent chords of the camber 
surface definition (Card 9). or basic geometry definition (if WZORD 
not input). 


Alternate Mach Nos. For 
Nacelle Pressure Field Calculations 


Omit card 19 if OXML = 0. 

Card Card Decimal Variable 
Number Column Req uired Name 


Description 


19 1-42 YES TMLOC Array of local Mach numbers for nacelle 

pressure field calculations. First value 
corresponds to XM, successive values 
correspond to TMACH (if included). 


Note s 


Up to six values on the card. 

There will be a total of TNOM + 1 . values . 
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Wing Flap Definition 


Omit cards 20 if TNFLAP = 0. 


Card 

Number 

Card 

Column 

Decimal Variable 
Required Name 

Description 

20 

1-7 

YES 

XI 

Inboard X value of flap leading edge. 

20 

8-14 

YES 

Yl 

Inboard Y value of flap leading edge. 

20 

15-21 

. YES 

XO 

Outboard X value of flap leading edge. 

20 

22-28 

YES 

YO 

Outboard Y value of flap leading edge. 

20 

29-35 

YES 

DEFLAP 

Flap deflection in degrees. A positive 
angle means the flap trailing edge is 
deflected downward. 


Note : 

There will 

be a total of TNFLAP cards, one for each flap. 

21 

1-35 

YES 

TCA 

Array of canard angles of attack. A 
positive angle means the leading edge 
is rotated upward. 


Note : 

There will 
Omit this 

be a total of TNALP values on the card, 
card if TNALP = 0. or AJ5 = 0. 

22 

1-63 

YES 

THA 

Array of horizontal tail angles of 
attack. A positive angle means the 
leading edge is rotated upward. 


Note : 

There will 
Omit this 

be a total of THALP values on the card, 
card if THALP = 0. or AJ7 = 0. 

23 

1-7 

YES 

VACFR 

Fraction of vacuum pressure coefficient 
for pressure limiting. 

24 

1-35 

YES 

TLALP 

Array of □t.’s for limiting pressure 
coefficient. 


Note: There will be a total of FLIMIT values on the card. 

Omit cards 23 and 24 if FLIMIT = 0. 



Card Card Decimal Variable n 

Number Column Required Name - - es . c £ -S — — 

25 I -35 YES CLINP Arrays of lift coefficients for the 

input Mach numbers (XM and TMACH) at 
which the combined flat plate and 
camber pressure coefficients are 
computed. 

Cl's for each Mach number begin on a 
new card. 

Note: Up to five values per card. Up to six cards. 

The number of values on each card will correspond 
with CLIN(I) on card ?. 

If CLIN(l) = 0, omit the Ith card. 

For a new case, input cards 2 through 25 at this place 
in the data deck. 

26 1-3 END 
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5.0 TYPICAL CASE AND PROGRAM OUTPUT 


A typical design and analysis case and associated program output 
are presented in this section. Given a configuration consisting 
of wing, fuselage, nacelles and horizontal tail, the following are 
obtained: 

• Wing design at Mach number =2.7 for c l = *10 and c mo = 
.015, in presence of fuselage and nacelles with pressure 



limiting at .7 vacuum. 


• 

Analysis of configuration drag-due- 
of horizontal tail settings. 

■to-lift for a 

• 

Skin friction drag 


• 

Far-field and near-field wave drag 

analyses 

• 

Drawing of configuration. 



The input card listing for this case is shown on page 83. 

The program output has been edited to reduce page count while 
illustrating output format. 

The output begins with a listing of the basic geometry, separated 
into components (wing, fuselage, etc). An uncambered wing was 
specified in the basic geometry, since the camber surface will be 
defined by the wing design program. 


Configuration-Dependent Loadings 

Since, the wing design case is to be performed with pressure 
limiting, and in the presence of fuselage and nacelles, the 
corresponding pressure arrays must be computed. The near-field 
wave drag program is run first, to generate the wing thickness 
pressure data (page 90 ) . Only the wing geometry is reguired for 
this calculation; output for the complete wing- fuselage-nacelle 
configuration from the near-field program is illustrated later 
(page 81 ) . 

The lift analysis program is executed next, to calculate the 
nacelle pressure field and the fuselage upwash pressure field. To 
obtain an approximate orientation between the fuselage and wing 
for the upwash field calculations, a previously defined camber 
surface was input using the TIF8C = 1.0 option. The ANL2 

interface program inserts this definition into the basic geometry 
and prints it (page 91 ) . The lift analysis program then computes 
the wing upwash field (page 96 ) , the nacelle pressure field (page 
97), and the loading on the wing due to the fuselage upwash field 
(page .101) . The wing upwash loading is that for the basic wing 
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angle of attack with all wing slopes zeroed, i.e. , 
with input WHUP = 1.0. 


as computed 


Ming Design Solution 

Much diagnostic output is available from the wing design module. 
However, print controls are used in the program (input APRINT) to 
provide output flexibility. In the typical case shown, the print 
control was set at +1.0, to illustrate output format. The design 
case shown utilized seven total loadings, including those due to 
fuselage upwash and nacelles. 

The wing design program first prints the input data and checks the 
design and constraint options (the card 7 inputs) for consistency. 
The semi-span stations, in program units, at which the camber 
surface will be calculated is next printed, followed by a listing 
of the component loadings to be used and the chordwise locations 
at which the camber surface will be interpolated. Tables of the 
configuration dependent loadings are also output. 

The program next computes and prints the flat wing solution (page 
112). This includes lift and drag coefficients, the lengthwise 
center of pressure position (as a fraction of overall wing 
length), the pitching moment derivative (dc /dc ), and the drag- 
due-to-lift factor. m L 

The program then cycles through all the component loadings. For 
each, a table giving spanwise distributions of lift, drag, and 
pitching moment coefficients is printed. This is followed by the 
integrated values of lift coefficient, drag coefficient, center of 
pressure position, drag-due- to-lift factor, the ratio of input 
reference area to gross planform area ( s ref / s prog ) • the pitching 
moment slope with design C L » and the c mo associated with the 
component C L . This is followed by the interference drag of the 
component loading on the nacelle area distribution (if nacelles 
were input) , and a tabulation of the interference drag 
coefficients associated with all other component loadings. The 
camber surface for the selected loading is not printed, but it 
would have been had APRINT = 2.0 been input. 

The program next summarizes the force and interference drag 
coefficients of all the component loadings (page 120) , and writes 
the RESTART data deck (if requested) . Only a portion of the 
RESTART listing is shown since it is quite long, consisting of the 
matrix values and all configuration-dependent pressure arrays. 

With all component loading data defined, the program then solves 
for the wing designs requested on card 7. The solution 
constraints are identified in the title block, followed by (if 
APRINT is 1.0 or 2.0) the optimization matrix. A check of the 
solution accuracy is made by multiplying the solution matrix by 
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the left-hand side matrix (which should equal the right-hand side 
matrix) . 


The solution matrix tables are followed by a 
component loadings combination, i.e., the product of 
different basic loadings. These products give the 
to total wing for each of the component loadings. 


table of the 
A i C L i for the 
contributions 
The solution 

C mo , lift coefficient, and drag coefficient are also printed. The 
resultant wing upper surface pressure distribution ( C p U ) is then 
searched for the minimum difference between C p U and the limit c p » 
and this minimum is printed, together with its planform location. 


The bucket plot of drag-due -to-lif t factor < K E ) versus c rno for the 
optimum wing designs of the component loadings is next printed 
(page 123). Finally, if the camber surface shape corresponding to 
the selected design point was requested, the camber surface is 
printed as g/C (in per cent) versus X/C at the solution spanwise 
sta tions. 


This process is repeated for all other design options, except for 
the bucket plot, which is printed only once. If a pressure 
constraint condition is encountered which required another term to 
te added to the solution matrix, a note to this effect is printed 
and the optimization is performed again. (If the pressure 

constraint condition cannot be satisfied with a maximum size 
matrix, the solution stops and a failure message is printed.) 

For the test case shown, one constraint on pressure coefficient 
was required to satisfy the design solution, with or without the 
constraint. (The pressure limit was exceeded at 70 per cent 
semi-span and 0 per cent chord, as noted) . The force coefficients 
and camber surface for the design point wing were calculated and 
printed, as requested, on page 127. 


Wing Camber Surface Update 

In the illustrative case, the final camber surface design was used 
to update the basic geometry by means of the executive card WGUP. 
The updated definition is printed on page 130 . 


Lift Analysis 

Given the basic geometry definition and the camber surface 
obtained by the design program, the lift analysis program was used 
to calculate the lifting pressure solutions for the complete 
configuration, both tail-off and tail-on at a series of horizontal 
tail settings. 

The lift analysis program output consists of the input, the wing- 
fuselage intersection definition, fuselage upwash data (upwash in 
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degrees), fuselage buoyancy field, the nacelle pressure field 
definition, camber surface data and the wing lifting pressure 
coefficients. These are summed over the configuration to obtain 
lift, drag, and pitching moment data. The fuselage force 
coefficients are printed both with and without wing downwash 
effects included (page 149) . 

The force coefficient summary, tail-off, is shown on page 150 . 
The program first prints a table of lift, drag, and pitching 
moment coefficients for the wing at the input incidence, and also 
per degree angle of attack (FP at 1 degree) . The increments due 
to the nacelles are also printed. This table is then repeated 
with the fuselage contribution added. The drag terms are then 
combined into two equations (nacelles on and off), and drag and 
pitching moment coefficients tabulated for a series of lift 
coefficients. 

The configuration streamwise lift distribution is next summed and 
printed and further broken into separate summations for wing- 
fuselage-canard, nacelles, and horizontal tail. These summations 
are cumulative and are divided by the total lift of the 
conf iguration . 

The force coefficient and streamwise lift distribution data are 
repeated for each tail angle of attack, together with the 
contributions due to the horizontal tail. 

The spanwise lift distribution is printed last (page 158). This 
tabulation is for the wing-canard-nacelles combination only 
(excluding fuselage or horizontal tail) . 

If the limiting pressure option of the lift analysis program is 
requested, the output is the same except for two alterations: 

1. The data at the configuration basic angle of attack become 
data at a specified angle of attack. 

2. Notes are printed to call attention to the pressure limiting 
option. 

Addition of a canard to the configuration produces an additional 
set of force coefficient summary data, i.e., data is printed both 
with and without the direct canard contribution. 


Skin-Friction 

The skin friction program prints input, then a table of wetted 
areas, drag/dynamic pressure (D/q) , and drag coefficient, for each 
input flight condition (page 161) . 
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Far-Field Have Drag 


The far-field wave drag program prints an enriched area 
distribution for the fuselage (page 162), then the area 
distribution for different configuration component buildups at a 
series of theta (cutting plane inclination) values. The program 
next identifies and prints the area restraint points corresponding 
to the case restraint condition, followed by configuration data 
for the input configuration and one optimized subject to the 
restraint points. An optimized fuselage area distribution 
corresponding to the restraint case is then calculated and 
printed, followed by a drag summary for the configuration as-input 
and with the optimized fuselage (page 168) . 


Near-Field Wave Drag 

The near-field wave drag module, for wing-fuselage-nacelles, was 
executed next. The program input is first printed, followed by 
the wing fuselage intersection. (The 8 values of this 

intersection are relative to the fuselage centerline, rather than 
the overall coordinate system.) 

The nacelle terms are next printed. First the nacelle pressure 
field acting on the wing is output (edited out in this case since 
it is the same as previously illustrated in the lift analysis 
program output) . The interference pressure signatures associated 
with the nacelles and fuselage acting on one another are next 
calculated and printed, including the "image" signatures 
associated with reflections off the wing surface. 

The buoyancy field of the fuselage acting on the wing is then 
summarized, followed by the wing definition and isolated thickness 
pressure solutions. 

The isolated fuselage pressure distribution and the wing-on- 
fuselage signature is next tabulated (page 179), together with a 
running summation of the drag associated with these pressures. 
Each of these sums is divided by the total corresponding drag 
value. 

.The final drag summary (page 183) consists of wing section data, 
l tabulated fuselage and nacelle drag coefficients, total drag and 
wetted areas. 

I 

The wing section data, at the solution spanwise stations, consist 
of the isolated wing section drag coefficient (CDW/C= drag of the 
element row divided by chord) , interference drag of fuselage on 
wing section (CDB0W/C) , interference drag of nacelles acting on 
the section (CDN0W/C) , the sum of those section coefficients (SUM 
CD/C) , and the fraction of the total wing wave drag for the 
section. 
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Drag of the wing-fuselage combination is next printed, including 
the isolated wing (CDW) , isolated fuselage (CDB) , fuselage-on-wing 
interference (CDB/W) , wing-on-fuselage interference (CDW/B) , and 
the total Of those (CD WING-BODY) . 

A table of nacelle drag terms is -then printed, giving the isolated 
wave drag and the interference terms for the nacelles at each 
input origin. 

The total wave drag for the configuration is printed as TpTAL CD. 


Plot Program 

The plot program prints the program input and view data. A 
typical drawing from the program is presented on page 12,. 
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INPUT DECK LISTING 


scon nfh 


969-SCC* GEONETRT DECK FOR STSTEN S1ESK CASE. 


1 -1 -1 


0 8 13 1 9 19 0 


2/13/76 
2 7 0 0 1 


2 

33 


0.3 

2.5 

5.0 

1C.0 

20.0 

30.0 

60.0 

50. 0 

60.0 

70.0 

5-1 

80. C 

9J.0 

leo.o 








5-2 

76.59 

6.75 7 

c. : 

166.93 







6-1 

31.136 

6.625 

0. 

163.133 






6-2 

93.16S 

9.51 

0.0 

169.79 







6-3 

116.96 

16 . n? 

( t b 

125.35 







6-4 

lb 6 . 46 

11.25 

C.C 

77.295 







6-5 

225.81 

67.566 

e.o 

32.691 







6-6 

??*. 11 

67.565 

e.o 

32.591 







6-7 

258.21 

66.25 

e.o 

14. 445 







6-6 

0.0 

0 .57 

C.716 

0.972 

1.C5 

1.165 

1.2 

1.23 

1.269 

1.17 

6-1-1 

0.937 

3.566 

e.o 








8-1-2 

0.0 

C .57 

e.7i6 

C .972 

1.05 

1.165 

1.2 

1.23 

1.269 

1.17 

B-2-l 

0.937 

C .546 

C.C 








6-2-2 

o.c 

Q .5^ 

C . 7 1 2 

0.972 

1.056 

1.156 

1.211 

1.235 

1.237 

1.127 

8-3-1 

0.063 

C .5C 7 

c.: 








6-3-2 

e.o 

0.55 

0.715 

C.S76 

1.126 

1.176 

1.235 

1.25 

1.229 

1.007 

8-6-1 

O. 96 

C .676 

C.O ' 








8-6-2 

0.0 

0.57 

C. 727 

0.902 

1.098 

1.22 

1.209 

1.315 

1.262 

1.105 

6-5-1 

3.962 

0.673 

C.C 








8-5-2 

C.C 

C.S3 

C. 729 
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.672000 

.546000 

.872000 

.546000 

' .572000 

.507000 


1.050000 

0.000000 

1.050000 

0.000000 

1.054000 

0.000000 


1.1450C0 


1.155000 


1.200000 


1.200000 


1.213000 


1.210000 


1.230000 


O.OCCOCO 
1 . 22 93 CO 


•5536CQ 

1.087C00 


.715000 
* 84G0C0 


.676000 

.474C00 


1.126000 

3.U0C000 


1.174000 


1.250000 


O.OCCOCO 

1.262CC0 


• 5 70 CO 0 
1.1C5CQ0 


. 727000 
.842000 


.3C20C0 

.473000 


1.C96000 

0.000000 


1.220000 


1.209001 


1.315000 


O.OCCOCO 
1. 32CCC0 


.580000 

1.155300 


.729000 
. 683000 


.911000 

.495000 


1. 134000 
O.OCCOOO 


1.175000 


O.CCCCCO 
1. 32COCO 


•134CC0 

1.155000 


. 2610C0 
.680000 


.495000 

.435000 


.680000 

O.COOOOO 


1.155000 


1.375000 


O.OOCOCO 
1 . 323 C CO 


« 134C0 0 
1.155000 


• 2610CQ 
■ 880000 


• 43 1C CC 
.495000 


. 88C0C0 
O.COOOOO 


1.155000 


1.205000 


1.J75000 


oo 

'O 



T>BLE OF THICKNESS PRESS JRE COEFFICIENT 


XPCT 

0.00 



5.00 

65.00 

10.00 

70.0(1 

15.00 

75.00 

20.00 

80.00 

25.00 

30.09 

35.00 
95. OQ 

40.00 

100.03 

45.00 

50.00 

55.00 

y/a/? / 













C.CCD 

O.OCOCOO 

•.0001(0 

.008208 

-.001515 

.017194 

-.003906 

.020513 

-.004349 

.012988 

-.008065 

.007425 

-.013937 

.035439 

-.018165 

.003264 

-.022130 

.002661 

-.027107 

.005482 

.033400 

.000479 

.025 

.033386 

.CClh4l 

.(08515 

.000329 

• Cl 3914 
-.003097 

.013905 

-.006390 

.009557 

-.010492 

.(07861 

-.014792 

.(08349 

-.017609 

.005986 

-.021228 

.003147 

-.026065 

.002164 

.000875 

.000569 

.050 

. C 12141 
-. CUBES 

.012951 

-.CC2SCS 

.015735 

-.(03721 

.014073 
-.CO 70 37 

.012224 

-.(1(502 

.008119 

-.014541 

.0(4619 

-.019391 

.003518 

-.024072 

.004264 

-.026998 

.002916 

.002561 

.001381 

.075 

.C441«>J 

-.0C2C97 

.01C1C7 

-.004195 

.004035 

-.CC6319 

.005410 

-.011001 

.008955 

-.014695 

.008058 

-.017282 

.003985 

-.022324 

.004322 

-.026679 

.003647 

-.028459 

.000962 

.001429 

.001289 

.100 

-.2CUC2C 

• OC 71 15 

• •cafe'+ss 

-.006118 

-.009453 

.(0479C 

-.014174 

.007254 

-.017639 

.0(4428 

-.020563 

.(02431 
-• C2499Q 

.002909 

-.028658 

.001848 

-.030494 

.001128 

.001735 

-.000490 

. 125 

.cum 
-.C03 5<>7 

. CCOf.ll 
-.00 75<*7 

-.005317 

-.012586 

.003027 

-.015899 

.004030 

-.018869 

t 

.00 3180 
-.022399 

.001419 

-.026103 

.001083 

-.030207 

.001427 

-.032645’ 

.000812 

-.000060 

-.001496 

.ISC 

.1331 21 

-.ro«.?ci 

• cc«.u^v 

-.C1C475 

-. C 1040 7 
- . C 137 70 

.000092 

-.(150(4 

.003698 

-.019718 

.00 1997 
-.C 2 434 0 

-.000703 
-. C26617 

• 0CU883 
-.029497 

.000915 

-.033011 

-.001088 

-.001295 

-.00(437 

.200 

.049035 
-.0C8C 49 

-.005775 

-.011358 

-.(08818 

-.015803 

.001025 

-.019553 

-.001539 

-.021919 

-.001172 

-.025428 

.000763 

-.028901 

-. OC (341 
-.031633 

-.002589 

-.(33646 

-.001167 

-.001164 

-.004334 

.250 

. C4C JCQ 
-.CC0474 

-.Cflf ?ss 

-.013338 

-.011646 

-.017619 

-.003349 

-.020301 

-.005326 

-.023333 

-.OC 4686 
-.027004 

-.002869 

-.030665 

-.000826 

-.033324 

-.001664 

-.034423 

-.003324 

-.003529 

-.005353 

.30 1 
t 

.027565 

-.011102 

-.00*494 

-•C14iS3 

-.010754 

-.017413 

-.009395 

-.022979 

-.006239 
-• C 26318 

-.006047 

-.029964 

-.004647 

-.031289 

-.002865 

-.334498 

-.00 4094 
-.037529 

-.001931 

-.004913 

-.007686 

. J50 

• C4936C 
-.011689 

• CC 3955 
-.016364 

-.007744 

-.021135 

-.014614 

-.023984 

-.010288 

-.027357 

• -.008938 
-.030841 

-.003613 

-.035015 

-.(03909 

-.336348 

' -.004395 
-.038466 

-.005963 

-.006340 

-.000619 

.4 08 

.041224 

.001924 

-.010040 

-.C l 2519 

-.(11536 

-.010595 

-.097499 

-.004655 

- t C05275 

•.385341 

-.003291 

-.011125 



• M* 

**** 


»ff# **•« 

KING **** 

«#»• 

»»** 

9999 




RE FA « 9898.0000 

COAR » 108.4100 

XBARIN ■ 

187.0000 




ko 

x 75.5900 

XQ 

> 83.1040 

xo 

* 93.1850 


to 

* 4.7570 

YQ 

» 6.6250 

ro 

* 9.5100 


Z 3 

* 0.0000 

ZD 

• C.CJOO 

zo 

> 0.0000 


CHG?*) 

= 166.83C0 

CHORD 

• 160.1330 

CHORO 

■ 149.7900 

P£»CE*T 

CAMTFR 

HALF-THIOKNESS 

CARDER 

HALF-THICKNESS 

CAM3ER 

HALF-THICKNESS 

CHORD 

(7) 

UP®ER LONER 

(Z) 

UPPER 

LONER 

1Z) 

UPPER LONER 

c.c 

O.COOO 

0.0003 0.0000 

a . oooo 

0. 00 Q C 

0.3000 

0.0000 

0.0C0G 0.0000 

?. 5 

-.cztz 

.5703 .5700 

.0528 

. 5700 

. 5700 

.0554 

.5500 .5500 

4.0 

-.0414 

.71<t0 .7140 

.1057 

.7140 

.7140 

.1107 

.7120 .7120 

1C. 0 

-.5267 

. 8720 .0720 

-.2306 

jJ>T£i 

.8720 

-.1337 

.8720 .8720 

20. 0 


1.0500 1.0500 

-1.3723 

1.0500 

1.0500 

-1.0272 

1.0540 1.0540 

30.0 

-3. 7250 

1.1450 1.1450 

-2.7975 

1.145C 

1.1450 

-2.1970 

1.1560 1.1560 

4C . 0 

-5.561? 

1.2000 1.2000 

-4.3476 

i • 20 00 

1.2000 

-3.4951 

1.2130 1.2130 

50.3 

-7.3761 

1.2303 1.2300 

-5.9249 

1.2300 

1.2300 

-4.8463 

1.2350 1.2350 

60.0 

-9. 10C8 

1.2490 1.2490 

-7.4654 

1.2490 

1.2490 

-6.1905 

1.2370 1.2370 

7C.G 

-10.6615 

1.1730 1.1700 

-8.9226 

1.1700 

1.1700 

-7.4901 

1.1270 1.1270 

80.0 

-12.0768 

.9373 ' .9370 

-10.2581 

.9370 

.9370 

-8. 7121 

.8830 .8830 

9C.0 

-13.2491 

.5463 .5463 

-11.4383 

.5460 

• 5460 

-9.8285 

. 50 7] .5070 

- , ic j i a 

•14.1710 

o.oooo o.oaco 

-1 2 . *« 391 

0.0000 

0.0000 

-10.8175 

0.0000 o.cooo 



X3 

x 116. 9600 

xo 

a 168.9800 

xo 

x 225.8100 


to 

a 16.3330 

VO 

x 31.2500 

to 

* 47.5440 


zo 

> 0.3CC0 

zo 

x 0.0000 

zo 

x 0.0000 


CHORD 

X 125.3500 

CHORO 

X 77.2950 

CHORO 

> 32.6810 

PERCENT 

CAMHER 

HALF-THICKNESS 

CAMBER 

HALF-THICKNESS 

CAN9ER 

HALF-THICKNESS 

CHORO 

<z> 

UPPER 

LONER 

(Z) 

UPPER 

LONER 

(Z) 

UPPER 

LONER 

0.0 

0. 00 CO 

0.0000 

0.0000 

0.000D 

Q.OCGC 

0.0000 

0.0000 

o.aocc 

O.COOO 

2.5 

. 0929 

.5500 

. 55 00 

.0918 

.5700 

.5700 

.0327 

.5300 

.5800 

5.C 

. 1857 

. 7153 

.7153 

.1836 

.7270 

. 7270 

.0554 

.7290 

.7290 

10.0 

.1361 

. 8750 

.0760 

. 3253 

.9023 

.9020 

.1308 

.9110 

.9110 

20.0 

-.2991 

1 . 1260 

1.1260 

. 3374 

t.osao 

1.3980 

.2760 

1.1340 

1.1340 

30.0 

-.9758 

1.1740 

1.1740 

.1843 

1.220C 

1.2200 

.3550 

1. 2680 

1.2680 

40.0 

-1. 7873 

1.2350 

1.2353 

-.0589 

1.2890 

1.2890 

.3941 

1.3430 

1.3430 

50. 0 

-2.6633 

1.2500 

1.2500 

-.3757 

1.3150 

1.5150 

.4175 

1.3750 

1.3750 

fC.Q 

-3.6234 

1.229C 

1.2290 

-.7478 

1,2620 

1.2&20 

.4284 

1.3200 

1.3200 

70.0 

-4.5833 

1. 0873 

1.0673 

•1.1606 

1.1050 

1.1050 

.4244 

1.1550 

1.1550 

80.0 

-5.5402 

. 8400 

.8410 

-1.6038 

. 8420 

.8420 

.4160 

.6000 

. 8800 

90.0 

-6.4773 

. 474C 

.4740 

-2.0728 

• 4730 

.4730 

.3968 

.4950 

.4950 

toc.o 

-7.3702 

0.0000 

0.0000 

-2.5630 

0*0000 

0 * ocoo 

.3581 

0.0000 

0.0000 



VO 

K> 


»»»» »»*» MM »»M MINS mm MM MM MM MM 



na_ 

* 225.8100 

*0 

» 256.2100 


to 

* 47.5450 

ro 

• 66.2300 


zo 

• 0.3000 

' zo 

« 0.0000 


CHOU 

* 32.6810 

CHORD 

• 14.4450 

PERCENT 

CAH3ER 

HALF-T 5I3KNESS 

CAMBER 

HALF-THICKN;SS 

r*o*n 

<?) 

UPO?2 

LONER ... 

0 71 

UPPER 

L3HER 

0. 0 

o.cooo 

0.0003 

o.coco 

0.0000 

0.0000 

0.0000 

2.5 

.0327 

. 1340 

.1340 

-.0245 

.1340 

.1340 

5.0 

.Cf> r >3 

.2=10 

.2610 ..... 

-.0490 

.2610 . 

.2610 

10.0 

• 13C* 

. **15G 

.1050 

-•09^3 

• woic 

• ♦ 9 1 c 

?C. C 

.2759 

. 6800 

. 8900 

-.1745 

. 6500 

.9800 

3C.C 


1. 1553 

1.1555 

-.2407 

1.1550 

1.1550 

4 0.3 

.3939 

1.3233 

1.3200 

-.2911 

1.2650 

1.2950 

5 C • C 

.4173 

1.3750 

1.3750 

-.3233 

1.3750 

1.3750 

f c . e 

■ 4253 

1. 3203 

,1.320 5 

-.3484 

1.3200 

1.3200 

7C . 0 

.4242 

1.155C 

1.1550 

-.3672 

1.1550 

1.155C 

8 o.o 

.4158 

• aao j 

.6800 

-.3795 

. 8300 

• asco 

?o.o 

' ■ 396a 

.4950 

.4950 

-. 3822 _ 

a 415Q 

.4350 

130. 0 

.3673 

C.OCCC 

C.CCCO 

-.3751 

0.0300 

0.000(1 



FUSEIAGE UP9AS9 AN D NACELLE PRESSURE FIELD LOADINGS. 


HASH NO. ■ 2.70000 

<CN»X« 272.65500 

NON* 

40 

CBAR* 106.41000 XBAR* 167.00000 

, TIfZS° l.CC 

TN3H* 0.00 

STNN* 

-0.00 

SH3C0« -0.00 

NOPCT* 12 


JBTNAX* 

12 

RATIO* 6.153656 


. . . , 1 

XPCT 

o.coo 

1 

TB2 

0.000 


2 

5.0CC 

2 

.5. COO 


3 

10.030 

3 

10.000 


4 

20.000 

4 

20.000 

** 

<» 

3C.CC0 

5 

JC.CU0 


b 

40.000 

5 

40.000 


7 

50.000 

7 

50.000 


6 

50. COO 

6 

60.000 


9 

70.000 

9 

70.000 

. 

10 

HC.C3C 

10 

80.000 


11 

90.003 

11 

90. COO 


12 

1C 3 • 000 

12 

100.000 




A'JX. CHORD 


7S.S900 
76.69CC 
63.1040 
91. 1650 
H6.9f.CC 
166.9600 
225.81C3 
225.6100 


C.CCCC 
4. 7570 


9.S10C 
16. 3330 


47. 5440 
47.5450 


0.90CO 
0. 0500 
5.5900 
0.5503 
0.0005 
5.5300 
0.C3CC 
0.0330 


166.6300 
166. 6330 
165.1330 
149.7330 
125.3550 
77. 2950 
32.6615 
32.6610 


166.6300 

166.6305 

. 160 . 1330 .- 

149.7950 

125.3500 

-. 77 . 2 960 .. 

32.6610 

32.6610 

14.4450 


76.5900 

76.5950 

75. 590 Q... 

77. 3284 
33.1045 
56.8799 
34.6559 
100.4320 
-136,2061 . 
111.9963 
117. 76C3 
123.5 362 
123. 3120 
135.C67S 


243.4200 
243.4200 
2 93. 925 0 

243.3993 
243.2370 
_2A3.tft7§i_ 
242.3146 
242.7580 
242,6014 
242.4449 
242.3710 
_2 42-^S112_ 
243.2515 
243,6917 


167.0729 
132. 8495 
138. 6262 
234.4026 
210.1735 
215. 9561 
221. 7328 
226.6 523 
229.5211 
232. 3300 
235, 2569 
2J>. 1278 
243.9357 
243. 6 656 
236. 7345 
243.6033 
252.4722 
255.3411 
256.2100 


250.1642 
251.4059 
2 52.64*7 7 
253.8834 
255.1311 
256.3728 
257.6146 
J58.8592_ 
260.1134 
261.3675 
262.6 21 7 
263.6759 
265.1300 
_266.1842_ 
257.6363 
266.6925 
270.1467 
271.4006 
272.6550 


243.4200 
243.4200 
243.4200 
243. 3993 
243.2370 
243.0751 
242.9146 
242.7560 
242.6014 
242.4449 
242.3710 
_242.8112_ 
243.2515 
243.6317 


15 

16 
17 

136.6335 
152. 4153 
156.1912 

244.5722 

245.3124 

245.4527 

244.5722 

245.3124 

245.4527 

16 

153. 9670 

245.8929 

245.8329 

19 

163.7430 

246.4390 

246. 4330 

2C 

175.5136 

247.6607 

247.&50 r 


250. 1642 
_25l i 4059_ 
252.6477 
253.6834 
255.1311 
256.3726 
257.6146 
J56.B532_ 
260. 1134 
261.3675 
2 62.6 2 17 
263.6759 
265.1300 
_26b.3642_ 
267.6363 
268.8925 
270.1467 
271.4006 
272.6550 


FUSE'.AOE DEFINITION 


o.occoo 

16.67000 
33.33C0C 

5o .crccc 

66.67000 
g ?.« 3 i;tg . 

ico.ccccr 

116.670CC 


O.OQCOO 
2. 73501 

4.27616 
5. 32255 
6.10264 
6. 333C1 
6. 17523 
5.86323 


0 .00000 

23.50000 

89.CCCU0 

117.00000 

126.00000 
119.6CC0G 
108.00005 


10.00000 
8.55000 
7.10000 
5.64000 
4.17000 
2.73000 
1.28000 
- • 14CCC 





133.33000 


5.78122 

105.00000 

-1.60000 



150.00000 

166.660C0 

183.33000 


E. 83602 

5. 8360 2 

6. >10869 

107.00000 
1C7.0C000 

106.00000 

•3.06000 

-6.50000 

-5.90000 



200 .0C0C3 
216.67CC0 
233.33000 


5.59806 
5. (.7002 
5.0 1663 

102.30000 

96.3QQCQ 

79.00000 

-7.60000 

-8.85000 

-1C.25CC0 



2SJ.0C:C0 
266.62CC0 
233. K00C 


4.3336? 
3. 241G? 
1.S9S T7 

59.00000 

33.00000 
$ .00000 

-11.70000 

-13.20000 

-16.60000 



295 . C C C C 0 


O.OCJOO 

c .aooco 

•15.70000 





N8CELLE GEOHE3RY 





3RIGIN 

TX.T.ZI 


X 

R60IUS 

HE* 

213. 62C00 


16.33000 

-5.80000 

0.00000 

2.00800 

15.67000 

2. 66500 
2.98300 
3.633C0 

25.78596 

27.95686 

61.66500 





21.52500 

28.01700 

32.06700 

3.77000 

3.65600 

3.62G0G 

66.65125 
61.96575 
36. 76561 





35.06000 

3.62000 

36.76561 


ORIGIN 

(X.V.Z1 


X 

R4QIU5 

HE* 

218.67CCC 


31.25000 

-6.90000 

0.00000 

2.00800 

2.86500 

2.93300 

25.78536 

27.95586 





15.67000 

21.52500 

28.01700 

3.63300 

3.77000 

3.65600 

61.66500 

66.65125 

61.96575 





32.C67CU 

35.06000 

3.62000 

3.62000 

36.76561 

36.76561 

RING SLOPES SET 

TO ZERO FOR UPR8SN 

PRESSURE FXE.O 

SOLUTION 







TA9LE OF INPUT 2/C 9RPINATES 


XPCT 

0*00 5*00 

10.00 

20.00 30.00 

60.00 

50.00 

60.00 

70.00 

00.00 

»/e/2 

O.CCOO C.OCCOC -.57300 

-15. 6650C -15.52100 

•1.66700 

•6.13500 -6.61800 

-6.92500 

-10.96600 

•12.67700 

•16.01900 

-16.95700 

.0500 

C.OCuCC -.09300 

-6.78100 -9.29700 

-.65303 

-1.67800 -2.66700 

-3.89600 

-5. 09600 

t6. 21 300 

-7.21000 

•0. G 0200 

.1003 

C.OOOOC .05600 

-7.1630C -7. 75800 

-.16600 

-.85700 -1.76700 

•2.71500 

-3. 70000 

•6.66200 

-5.57200 

•6.60600 

« ?C C 2 

C.'CCCCC .0 860 0 

-5.676CC -6.39000 

-.00600 

-.62500 -1.06000 

-1.75600 

-2.52800 

-3.32700 

•6. 13000 

•6.91800 

• 3000 

C.OOOOC .23200 

-6. 61000 -5.12700 

.26503 

.02000 -.61000 

-.35800 

-1. 58600 

-2. 25800 

•2. 96600 

•3.68500 

.5000 

C.OOOOC .16630 

-3.68900 -6.15900 

.26800 

.18000 -.10600 

-.31900 

-1.01700 

-1.57600 

•2.10630 

-2.82500 

.5000 

C.OOOOC .28100 

-2.239CC -2.66200 

.69300 

.56100 .61000 

.16903 

-.21100 

-.66700 

-1.13700 

•1.66300 

.500 0 

C.CCOOC .07600 

-1.116Q0 -1.598C0 

.63600 

.68800 .71700 

.59600 

.30700 

.00200 

-.26500 

-.56900 

.7000 

O.OCCOC .28000 

1.73600 1.66700 

.56700 

1.07300 1.36200 

1.52000 

1.63300 

1.70600 

1.72200 

1.730C0 

.0000 

C.OCCQC- -. 360C0 

-2.21100 -2.65600 

-.63800 

-.05000 -.96600 

-1.16100 

-1. 36800 

-1.55600 

-1.75000 

•1.17300 

• 9000 

0.00000 -.33500 

-3.97CQC -6.308C0 

-.65500 

•1.26100 -1.75000 

-2.21100 

-2.55700 

-2.30000 

-3.26600 

•3.52200 

1.000C 

C.OOCCC -.33900 

-2.66600 -2.597C0 

-.65300 

-1.20800 -1.66600 

-2.01500 

-2.23830 

-2.61200 
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239.885 
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270.147 




■RRI 

ICC .DCQ 




o.occco 

0.00000 



i.aco 

258. nc 

272.655 









o.occco 

O.OCOOO 
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C402* 


. 00346 


0 34 00 40 297 * 
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a.m'. 


llU 


mm 




mm 



.01172 

.02972 

. 01)47 

.01591 

.01356 

.01267 

.01153 

. 0231 $ 

. 01*65 

.01351 

.01322 

.01197 

.01124 

. 021*9 

.01914 

.015 03 

.01301 

•01139 

. 010)1 

. 020*7 

.01750 

. 014*0 

mm 

.01105 

. 01)52 

.02024 

. 016)7 

.01479 

.01272 

. 010*2 

.01036 

. 0193 $ 

. 0165 * 

.01472 

.01276 

.01356 

iMlH 

m 

Mpn 

■m 


MM 

■HTTFfMi 

. 01 * 1 * 

.01641 

.01467 

MM 
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mm 

hh 

■■n 

MM 

. 0109 $ 


.01746 

.01617 

.01433 

. 0126 $ 

-.01112 

. 00)30 

.01732 

• 015*4 

.01426 

■n 

.01127 

. 00)54 

.01677 

.01554 

.01444 

. 012)0 

.01152 
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TEA2S3, N LOADING VERSION OF JANJARY 28. 1974 

OPTIMUM COMBIN ATION OF _ 7 M I NG LttAMHfi S 

WINS DESIGN 7 LOADINGS INCLUDING FUSELAGE AN) NACELLE LOADS 


NUMBER OF PLANFORN BREAKPOINTS • 9.0 

NUNDER 3F SEMISPAN ELEMENTS « 4D.0 

NUMBER OF SPAN STATIONS FOR CANTER SURFACE * 12.0 

.SPAN STATION FOR PARABOLIC APEX « -0.0 


BASIC MAC 1 NUMBER » 2.7000 

C3AR > 106.4100 

PITGRING M OMENT CENT ER AT 107.0000 

REFERENCE AREA » 9898. 0000 

C-M-0 CONSTRAINT • .0150 


FLAT PLATE CONTROL FLAG • 0.0 

PRIN T FLA6 » 1.0 

SNOOTNING FLAG « -0.) 

RESTART FLAG ■ 1.0 


DESIGN C-L ■ .1000 

NJN3ER OF LOADINGS « -7.0000 

NUMBER OF CA MBER ORDINATE S ■ 12 .0000 

NUM3ER OF POINTS DEFINING ARBITRARY REGION ■ -0.0000 

NUMBER OF NACELLES ■ 2.0000 


NUMBER Or CHDROMISE ANO SPANMISE LOCATIONS FOR 

BOOT BUOYANCY TABLES * 0.1 21.0 

BOOT UPH ASB LOADING TABL E » -12.0 4 1 .0 

NACELLE 3UOYANCY LOADING TABLES ■ -20.0 25.0 

RING UPPER SURFACE LINITING PRESSURES « 2.0 2.0 

WING TMICANESS PRESSURES * -21. C 20.0 


CAN9ER SURFACE OPTION FLAGS < 


PLANFORM DEFINITION 





6C.0C16C0 
76.S90 C0tl 
83. IC4CC0 
93.165000 
COO 


158.98CC00 

225.810000 


0.00CC00 
4.757000 
6.625000 
9.51CCCC 
6.333 


31.25COOO 

47.544C00 




183.884400 
166.83 0000 
160 * 133QQQ 
149. 790CC0 
25, 350 C CO 


77.295000 

32.681000 









NACELLE « AND AA3IJS TABLES EXPANDED TO AO ENTRIES BT LINEAR INTERPOLATE, ANO X BAS SEEN TRANSLATED BV THE 3RISIN (. 
NACELLE LONGITUDINAL COORDINATES M HAS BEEN MULTIPLIED 3Y l.OOCOOOOO) 


213.92CCCC 

219.318962 

215.216923 

216,115385 

217.013896 

■IMIIUIUI 

216.910769 

219.709231 

220.607692 

221.506159 

222.90961S 
231 *369231 
29C. 373896 

223.303077 

232.287692 

291.2723C6 

229 .201538 
233.186159 
292.170769 

225.100000 

239.089615 

293.069231 

225.996962 

239.983077 

293.967692 

226.896923 

235.891538 

299.666159 

227.795365 

236.760000 

295.769615 

226.693696 

237.676962 

296.663077 

229.592308 

236.576923 

297.561536 

230.910769 

239.975365 

296.960000 


NACELLE 

RADII IR H»S 

BEEN MULTTP. 

IED BT 

1.0000ECDCI 






2.665000 

2.917798 

2.970596 

3.016190 

3.059571 

3.102952 

3.196339 

3.189715 

3.233097 

3.276970 

3.319859 


ilD»B 

nma 

M 11 1 II II — 

3.535766 

BnlllLTM 


3.698690 

3.669219 

3.589597 

3.7C9876 

3 .730209 

3.750533 

3.769320 

3.753266 

3.737212 

3.721158 

3.705109 

3.659050 

3.672997 

3*656943 

3.611609 

3.559693 

3.507782 

3.955871 

3.920000 

3.920000 

3.920000 

3.920000 












NACELLE LONGITUDINAL COORDINATES (X NAS BEEN MULTIPLIES 97 1.00000000) 



NACELLE X ANO RADIJS TABLES EXPANOEQ TO NO ENTRIES BT LINEAR INTERPOLATION, AND X NAS BEEN TRANSLATED B» THE JRI6IN X. 


NACELLE .ONGITUOINAL COORDINATES (X NAS BEEN MULTIPLIED BT 


219.570000 219.568462 220.466923 221.365385 222.263846 

227.654615 228.653077 229.451538 230.350COO 231.248462 

216.539231 237.537692 238.436154 239.334615 240.233077 

3446 >46.522109 '247.420769 248 . 3192 31 " 249 .21 7692 


l.OOOOOOOO) 


223.162308 

232.146923 

241.131538 


22N.B607B9 
233. ) 45365 
242.930000 


>50.116154 251*. 314615 


224.9592^1 225.65^,92 *226.756154 
233.943846 234.842^08 ,235.740769 
242.928462 243.826923 '244.725385 
251.913077. 252.811536 . 253.710000 


( R HAS BEEN MULTIPLIED BY 


2.655000 

3.319859 


3.689547 

3.672997 


2.917798 

3.363241 

3.7C9875 

3.666943 


2.970595 

3 .406622 

3.730204 

3.611604 


3.016190 

3.450003 

3.750533 

3.559693 


1 . 00000000 ) 

3.059571 
3.493365 
3.759320 
3.5G7782 


3.102952 


3. 536765 


3.753266 

3.455671 


3.737212 

3.42CCQO 


3.721158 

3.4200,00 


3 .233087 1 
3.64 6890 
3.705104 
3.4i;pooo , 


3.276476 

3.669219 


3.699050 

3.420000 






o 

o\ 


o.cooac 

90. cacao 

— -au 1 

5* COCO C 
ICO. CD CO C 

1C. 00000 

20.00000 

a t . . 

30 . cocoa 

6C.0CS0O 

30.00000 

90.00000 

70.00000 

80.00000 

AN) SPAMMISE LOCATIONS (PERCENT SEMISPAN) 

o.caeoo 

2.50C0C 

5.00000 

7.50000 

10.00000 

12.50000 

15.GOCOO 

17.50000 

20.00000 

22.50000 

Z5.CCCCC 

27.50000 

33.00000 

32.50000 

35.00000 

37.50000 

40.00000 

62.50000 

65.00000 

47.50000 

so. to ecu 

52.5CCCC 

55. CCCCC 

5 7. 50000 

60.0 0000 

62.50000 

65.00C0G 

57.50000 

70.00000 

72.50000 

75.0CCC0 

77.50000 

90.C00CC 

92.50000 

95.00000 

97.50000 

30.00000 

32.50000 

95.00000 

37.50000 

ICC. 00000 











ecor 

UPMASM LOADING 







.CL2-L63. 

• C C 6 149 

.014021 

.030043 

.030536 

.022227 

.015442 

.012728 

.911678 

• 0 11 31 ft 

• C 10 381 

.006670 









.003093 

• CO 770 1 

.015039 

.029951 

.030290 

.022127 

.015417 

.012802 

.011732 

.011293 

— - .010260 

.006490 









.008257 

.013017 

.019993 

.029965 

.029430 

• C21A96 

. 015606 

.013047 

.012022 

.011423 

.009834 

. 0060 39 









iL17Q.it 

i£2KI3 

.027434 

■ 030203 

.027290 

.020679 

.015902 

.013544 

.012688 

.011721 

.009 M2 

• 005020 









.049 )07 

.040284 

.0339)5 

.02)790 

.024725 

.019471 

.015312 

.013557 

.012669 

.011532 

■007291 

.0C396? 









.060094 

.045259 

• 3 46C o8 

.027526 

.023152 

.019649 

.015509 

.013226 

.011)73 

.011239 

.006342 

.003551 









.066313 

.C-7663 

.036241 

.025539 

.021999 

. 019163 

.015029 

.013013 

.011335 

.010914 

.0072)3 

.003843 









•C6J745 

.047115 

.034759 

.024253 

.020966 

.017579 

.014799 

.012806 

.011055 

.010522 

.Of 7 334 

.f C444C 









•065224 

•C46490 

.0 349Q4 

.022953 

.020245 

.016969 

.014791 

.012717 

.010919 

.010064 

• coa J91 

.005293 









. T68 

.046673 

.334319 

.021740 

.019349 

.016677 

.014723 

.012762 

.010658 

•0C9796 

. C 0 9 94 1 

.006153 









.061354 

.045653 

.0332)6 

.020759 

.019520 

.016649 

.014645 

.012794 

.010576 

.00)667 

.009 10 0 

. 0 P 7 *: 0 2 









.06)512 

.045959 

.033471 

. C 19 319 

.019179 

.016407 

.016674 

.012626 

.010708 

.009535 

.ecu** 

.007046 











.S53926 

.8 3.169 b..... 

.110928 

■012994 

.016216 

.016573 

.012514 

.010955 

•00)513 

.009129 

.009146 









.059560 

.043969 

.932079 

.019497 

.017460 

.016173 

.016327 

.012648 

.011117 

.009600 

.009939 

.009406 









. C 60 0 77 

.043921 

.032167 

.01)739 

.017317 

.015945 

.0 14263 

.012870 

.011273 

.009842 

.00992) 

.008531 









.054 212 

.042273 

.031292 

.020001 

•016774 

.015544 

• 0 144 36 

.012982 

.011515 

•010000 

.000737 

.008531 









.055459 

.043239 

.C32633 

.020537 

.016030 

.015610 

.016491 

.013087 

.01174) 

.010140 

•C0ft194 

.0C956C 









.05390 2 

.041190 

.031770 

.020422 

.015903 

.015636 

.016493 

.013349 

.011820 

.010349 

.CO'*22* 

• CCrt.40 2 









.05162.0 

.4.41609 


.021463 

■015736 

.015497 

.016718 

.013395 

.011889 

.019683 

.009564 

.009435 









.052937 

.042516 

.93304) 

.022356 

.015760 

. 015522 

.014693 

.013330 

.012099 

.011089 


•0Cfl7n5 










.cioosi 


.009260 


.016309 


. 0 14939 


.013366 


. 0 1Z 441 


.011231 
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• P 10 461 

• CHS 93C 
11 


• f 

• C 1 1 734 


• 0 G 9 9 1 3 
•039717 
.mo 3*6 


•C4C460 
• C 11265 


.C 12S41 
•C443S1 
1 3> 


• C 452 76 
.C 13597 


LT#ia<l 


. C 1 «. 133 
.r <.s:54 
.014 3*1 
.C46 396 
•C 14131 
462 


• C 14 .4 7 

• 1 4C 21 5 


•C12C33 
.03)476 
.ri 


-.040589 

.C13C1C 


.013 38 7 
.041624 
■jJL Ui ait- 
.043424 
.013793 
.039628 


.013963 

.038138 


.035299 
.015 751 
.031801 


. 017164 
.029024 
.018795 


• 0 26200 
.019554 
.0 73524 


.020 704 
.021465 
.0 21496 


.018300 

.020722 


.034686 
.014141 
3 1 6 6 4 _ 


.015478 

.028858 

17585 


• C 26 3C 6 
.017241 
.073738 


• C 1931 1 
.321647 
.0 20 795 


.018511 

•C1898C 


.018421 
.012790 
.01 


.017742 
.012896 
.01 


014509 


014635 


013735 


012596 


011709 


.012274 


itlArMBWH 1 ! H'l 


.014446 


.014319 


.015746 


.014997 


.014656 




.016656 


.015409 


.027193 


.024561 


.019637 


.017743 


.020796 


.021637 


.023274 


.023005 


.022767 


.022197 


.021763 


.013650 


.013473 
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SENISP8N LOCATION (PERCENT) FOR NACELLE BUOTANCT L0A0IN3 


0.00000 

5.00000 

10.00000 15.00000 

20.00000 

24.63906 

24.65906 

25.00000 

30.00000 

35.00000 

40. peace 

. 45.CCCPC 

47.15931 47.17981 

5D.OOGOO 

... 55.00000 

50.00000 

65.00000 

70.0000 9 

75.08000 

80.00000 

85.00C0C 

90.00000 95.00000 

100.00000 







1/i. 

PERCENT 539 EACH SPAN 

station 







O.CCGOCC 
100 . 
0.000000 
98.591061 

c.coooc: 


lGC.COCCCC 1CC.C0CCSC 1CC.Q0C120 lCu.OCCIBO 100.000240 100.000300 101, 


9?. 

90, 

_3i 


16473ft 97. 
7666C2 98. 
79:119 92. 


170732 97.348273 
946143 99.123684 
7)6364 93. 247333 


97.525814 

99.301225 

93.696301 


97. 703355 
99.478766 
94. 149270 


97.880896 

99.556307 

94.5C0239 


98. 

99. 
93. 


000360 100.000420 

00195? LPO.JO1019. 

058437 96.235976 

633646 100.011369 

051206 95.502177 


_100.}plO79_ 
96 . 41 J51 9 
1)0.166930 
95.953146 
100.396212 
93.361636 
100.751613 
93.930467" 
100.912714 
69.470417- 


96.4C4114 

c.ecoocc 

_a!L.100dJ6_ 

c.cccore 

91.939741 
C.f CCOfff 


90.642059 

C.CCCJCC 


95. 

68. 

_94j 

63. 

92. 

JH 


855 t 8 3 97. 

182111 88. 

819813 95. 

856219 83. 

949i;14 93. 

^0951 81. 


91 

81 


,813b92 92.985329 


306u92 97.757021 

188856 68.927853 

5 786 31 95._J17 828_ 

665551 84.874825 

958268 94.967562 

2 aim. . .. 02t« tH C39 3 .. 


254C37 

-5.L31S.9_ 


81.262: 16 


94.156967 

82.434087 


96.207990 

89.666651 

_J7 1 056826_ 

85.884098 

95.976835 

83.612231 


98.698959 

90.405848 

.97.795823 

66.693372 

96.986109 

64.763B68 


95.328604 

B3.6C6159 


96.5CC241 
84. 778230 


99. 119927 
91.144846 
99.534820 
87. 9C2646 
97.995383 
65.955505 
97.671879 
85.950302 


99. 

91. 

99. 

89. 

99. 

67. 
98.843516 
87.122373 


560896 100.011965 

883843 92.622841 

273816 ICO. 012815 

911920 89.921193 

0C4657 100.013930 

1 27143 89.299780 


100.015153 

66.294444 


100.980929 

89.466516 


c.rcc’cc 

*1 . IC49H& 

81.113011 

82.2944C1 

83.475791 

64.657180 

" 65.838570 

87.019960 

88.201350 

63.382739 

9C. 564129 

91.745519 

9a. 926939 

94.108299 

95.289688 

96.471078 

97.652468 

93 .833358 

100.015247 

100.948746 

c .coo :co 

a : 

80. 533853 

81.9719C9 

83. 399968 

B4.748C27 

85i 13)J86 

87.524145 

88.912204 

90.300263 

91. f 89122 

93.0 76381 

94.464440 

95.852499 

96.706975 

96. 715751 

93.103810 

93.491869 

100.248347 

ICQ. 248347 

O.CCOCCC 

82.6*0125 

82.5586: 8 

83.898779 

85.138750 

86. 373720 

87,518691 

83 .764151 

88.773834 

90.013605 

91.253 776 

— 22 ., 49374 J_ 

* 9 ? -733/1 C 

94.97368 8 

96.213659 

97.453630 

99.6936C0 

93.933571 100.512454 

100.512454 

O.COCCOC 

79.9 13015 

79.943814 

81.377864 

82.611915 

84.245965 

8 5. 6 60 C 15 

85. 640212 

86.651011 

63.085062 

89.519 112 

9j .953163 

92.387213 

93.321263 

95.255314 

96.639364 

93.123414 

93.557465 

100.991515 

101.106727 

O.CCOCCC 

71 .414306 

71.426513 

73,469133 

75.511752 

77.554372 

79. 596992 

81.639612 

83.682232 

85.724852 

87.767472 

89.810C92 

91.852712 

92.448200 

92.460406 

94.503026 

95.545646 

93 .588266 

100.583312 

lu 0.583 312 

o.ccocoo 

68.607764 

69.520598 

70.863832 

7 3. 1C 6966 

75.350100 

77,593234 

79.636368 

82.079502 

64.322636 

66.565 770 

68.8C89Ct* 

91.C52C J8 

93.295172 

95.5 38 30 6 

95.598170 

95.511104 

97.854238 

100.097372 

100.147868 

c.ocoooc 

68.583C19 

58. 595959 

73.84C661 

73.085763 

75.330665 

77.575567 

73,820469 

82.065371 

84.310273 

86.555175 

88*8wGl77 

91.044979 

93.289381 

95.534783 

95.625433 

95.638373 

97.883275 

100.128177 

100.139237 

O.COC 000 

65.51261-0 

65.526467 

67.990743 

70.455019 

72.919295 

75. 383571 

77 .847847 

80.312123 

82.776399 

15.240675 

87. 7C495G 

90.159226 

92.6335 02 

95.097778 

97.562054 

93.195971 

93.209828 

100.195331 

100.135331 

O.CCOCCC 

63.52767C 

63.543520 

65.823933 

63.104345 

70.384757 

72.665169 

74.345581 

77.225993 

79.505406 

81.786818 

84.C6723C 

-,35,34m.l._ 

88.6 28254 

90.908466 

93.188879 

95.469291 

97.749703 

100.030115 

100*652360 

O.CCOCOO 

64 . 39738C 

64.415891 

66.542396 

68. 868331 

71.094506 

73.320711 

7> • 545 91 6 

77.773121 

79.993326 



92.225531 

84. i 1736 

86.677941 

68.904146 

91.130351 

93.356556 

95.582761 

97.606966 

100.035171 

102.261376 

C.C0CC9C 
83.710275 
f . r n ? o « 

67.3. jCZT 
85. 751774 
77.966763 

67.378293 
87. 79327** 

69.419782 

89.834773 

74.681246 

71.461281 

91.876272 

76.279360 

73.5C2780 

93.917771 

77.977473 

75.544279 

95.955270 

79.675587 

77.585776 
98.000769 
61.373701 

79.627277 
100.042266 
81_._0Z1814_ 

61.668776 

101.771747 

64.769426 

86,469042 
O.CCCCCC 
97. 5f ?ri.f 

6*.lfeSiF6 
flk . 9G9 30 1 
93.447C5E 

89. 864269 
84.941989 
94.392063 

91.562383 
85.836996 
95.33 7070 

93.260497 
86.832004 
96.232C78 

94 • 958610 
87. 777C 1 1 
97. 227C 85 

95.656724 

68.722019 

98.354838 

89.667026 

99.117100 

100.052952 
90.612033 
10Q. 062107 

101.751065 
91.557041 
1C1.0C7 1 15 

c.rcocco 

1G0 • C C 3299 

t . r f r, ' r r 

1 C 3 *CC JtOC 
1CC*CG3656 

ICG. 000365 ICO. 000731 IOC. 001096 100.001462 100.001827 103.002193 

1C0.0G402G ICO. 004386 100.004751 100.CC5116 1CO.OC5482 1C1.0C5847 

_il.l.C 01414 101^110329 110.001241 100. QC 1657 ICO . GC2Q.72 ICO .00249 6_ 

100.0Q2556 100.002924 
10G.0C5213 1C 5 . OC 65 78 
100.0 0290 1 100.0C3315 

100.CC 3 724 
C.CCC ; 2 C 
iac .tru joc 

110.CC4144 

ics.coecco 

1CC.C06796 

1CC.CC4554 
1 C G . 0 00 W7fl 
ICO . 

1CQ.CC4972 
1C0.CCQ 157 
1C0.0C5741 

100 . CL 5397 
ICO .001435 
10Q. ocoziq 

10U.0C5801 
100.0C1914 
ICO. 0C6697 

no. CC621S 
100.002392 
100.007176 

101.006630 

101.002870 

160.007654 

100.037 C<*>* 
100*003149 
_10Q*008112_ 

100.0C7459 

100.003827 

_lii.CC.86 11 

o.tccGo: 

ioo.oc5:9? 

c.croccc 

ic: .court 

1C0.CC5658 

lro.crcccc 

1CC.CCC565 
ICO. 0C6224 
ICO. C 3069? 

1C0.0CU32 
ICO. CC37A9 
1C0.C01 J05 

ICQ. 001617 
ICO. 007355 
1C0.0C2077 

lCt.Ci.2263 

100.067921 

100.002764 

100.CC2829 

100.068487 

100.063461 

101.003395 100.003961 110.004526 
100.009053 100.009618 100.010184 
1C3 . CC4154 100.004846 100.005536 

1C0.CC6231 

ICC • CG6923 

100.007615 

UC.CC83C7 

100*009000 

100.009692 

100.010384 

100.011076 

100.011769 

ICO. 012461 


N#3 

:LLE BU07AN3 

r caADiMG 







O.CCOOCC 

O.fOOCOC 

c.rcocco 

c.ccccoc 

O.COCOGC 

O.COOOOC 

C. CCCiQQO 
0.000000 

O.OCOQOO 
0. QOOOOO 

o.oocooc 

O.COCCOO 

0.000000 

0.000000 

0.000000 

O.OCCOOO 

0.000000 

0.000000 

0.000000 

O.OOOOCO 

o.ccooic 

.C39337 
C. COO JOG 

0 .ccococ 

• C 33 766 

c.oocccc 

.038936 

.313199 

.344595 

.038356 
.032630 
. C 429 38 

.037777 

.032061 

.041291 

.037198 
.031492 
. C 39 66 6 

.036622 

.030931 

.038041 

.036050 

.030370 

.036422 

.035479 

.029810 

.034811 

.034906 

.029250 

.033218 

.C 31586 
O.CCGOOO 
.C29149 

. C 30 10 2 
C.OCCCCO 
.026479 

.028575 

.052097 

.073849 

.027361 

•C49132 

.021260 

.025565 
.046164 
•C 19492 

. 0240 76 
.043224 
.020714 

.022610 

.040295 

.018210 

.021147 
.037414 
• C 13770 

.019715 

.034610 

.009372 

.018479 

.031856 

.005027 

C.CCOCCD 

.C27G96 

o.rc occt 

O.OCGCCO 

.C23573 

O.CCCCCC 

• C 60 87 8 
. C 23 79 7 

• 3 553C 4 

.056453 

• C 21 2 0 4 

• C60 20 3 

.052016 

•0145C2 

.055082 

.047623 
.007839 
. 05 CO 14 

.043291 

.001306 

.045032 

.039094 

-.004838 

.040246 

.035005 

-.010320 

.035573 

. 031004 
-.014967 
.031001 

. C 2653 1 
C.CCGCCC 
■C76531 

.023824 
C .CCCCCC 
. C 23 82 4 

.023698 

•C653G4 

.023698 

.016929 
. 060 2G 3 
. C 16928 

.039143 

.055082 

.009143 

.031529 

.050014 

.001529 

-.005569 

.045632 

-.005570 

-.011870 

.040246 

-.011871 

-.018369 
.0 J5573 
-.018370 

-.024899 

.031001 

-.024499 

C.CCGCCC 
• C 26 886 

c.rrccto 

O.CCCCCC 

.023895 

O.CCCCCC 

.C65275 
.023602 
. C 69 70 C 

.C6C165 
. C 16 7 42 
. C 5 4 7 1 7 

•055C37 
« CC 8948 
.049746 

• C 4 996 0 
.001328 
,044827 

.044975 
-.005752 
. 04UI 38 

• 040 IB 0 
-.012050 
.335408 

.035500 
-.016604 
. 0 30864 

.030923 

-.024489 

.025477 

• C 22 71 1 
O.CCCCCC 
*m£5i_ 

. C 23 19C 
O.CCOlCC 
.1^4 4 214- 

.017749 

.050921 

.059838 

• C 1020 3 
.047539 

• 0532C5 

« 0G562 8 
.044171 
.051062 

. 047861 
.040628 
.045493 

.037207 

.037525 

.037561 

.027461 

.034549 

.029699 

.022391 

.084023 

.026059 

.022391 

.077599 

.026059 

e . o c o c c o 
.c7o>.:i 
C.OGOCOO 

O.CCOLCC 

•C63753 

O.CCCCCC 

.0 5956 7 
•C57223 
.0 7C134 

.055400 

.051559 

.06)862 

.051222 

.049810 

.057557 

.047085 
.043046 
. 051333 

.042999 
. 0 346 44 
.045301 

• 040 326 
.025227 
.039476 

.083967 

.017219 

.033625 

.077134 

.015591 

.028311 

.Q26C21 
O.CCOCCO 
..C23.ll' 

. C24G13 

O.CCCCOC 
.021193 

.014260 
.0 71797 
.C1C838 

.011463 
.065107 
• C C 3 71 9 

.049672 
.058406 
-. 008 372 

.036989 

.051601 

-.008599 

.025098 

.045413 

.027716 

.014280 

.039263 

.016523 

.002881 

.033279 

.003734 

.002881 

.027661 

.003443 

O.CCOCCO 
• C 23 1 3 C 

o.Cf noor 

O.OCCCOC 
.021157 
r . Conroe 

.071797 

•01C790 

.069097 

.065105 

.GCG689 

.062516 

.058402 

-.038400 

.055938 

.051795 

-.008743 

.049458 

.045406 

.027555 

.043202 

.039254 

.016369 

.037182 

.033269 

.003546 

.031312 

.027654 

.003482 

.025120 

. C 262C 5 
O.CCCCCC 
J2i£»ai_ 

• C 16 37 c 
C . C C C c C f 

.003273 
. C 533 7 7 
. 0 2229C 

-.0C1542 

• C 53 63 3 

• C 1 7 395 

-.010117 
.049293 
• CIO 750 

-.018209 

.044940 

.004229 

-.024660 

.040658 

-.002142 

.0C9523 

.036536 

-.CC7722 

.004962 

.032506 

-.012950 

• OC 4462 
.028558 
-.014359 

O.COOOCO 

•C25357 

n.ccoccc 

0 * ocoooc 

.C 22669 
C.CCCCOC 

.048195 

.020069 

.041494 

.045392 
.015231 
. C 2 956 3 

.042406 

.019122 

.037651 

.039441 
.016194 
• C 35749 

. 0 35505 
.011753 
.533853 

.033628 

.007361 

.031977 

.030824 

.003056 

.030119 

.026069 

-.001192 

.028109 

. C 26 622 
O.CCCCOC 

.024752 

O.CCCCCC 

• 0 233C c 
.3 36502 

.021280 

.035396 

.019570 

.034298 

.017883 

.033207 

.0 16573 
.032117 

.016616 

.031030 

.016466 

.029943 

.015131 

.028670 



.1 

O.CCOOCC C.C CCC .C 32756 .032293 .031829 .031373 .030916 .030959 .030002 .023596 

.029390 • 0 2u635 .029130 .027725 .027270 .026820 .026372 .025923 .025975 .025026 

jc . t c o c u. t^x act c.c OlCoo o til a.cc o a to cut a.0.0 ot a. 00000 0 _ o.oc oc oo 0.0 q.ojio.o o_, 00 0 ao o 0.0 0 0 000. 

O.OCCCOO O.CCOCOC O.OCCOOC O.OCOCOO C.OOOCOO 0.000000 O.OCOCOO O.OGQOOO O.OOOOCG 0.000000 


o.ccccoo 

o.ccccrc 

O.CCOCOC 

. C.cccccc 

C. 0C003C 

o.occooo 


0.000000 
0 . oc 0000 

O.CCGCCC 
0. CQCCOO 

O.OICCOO 

3.000000 

O.CCOOOO 

o.cooaoo 

O.QOOQCO 

o.oocooc 

0.000000 

D.OOOOCC 

c.cccccc 

O.CcOQOC 
t.CCOCCjL 

c.cccccc 

0.C3GC0G 

c ..too oca 

a. ccccc : 

O.OCCOOC 

c. 00000 a 

o.ccoaco 
o.ococoo 
Jj5C3C30 

C.CCCQCC 

o.ococoo 

Q .OQOOOC 

0. OCCCCC 

o.ccocoo 
0 .jp.OCOQO 

0.000000 
O.OCCCOO 
Ojl 0 OGCCO 

0.000000 

o.ocoooo 

OjOOOOOQ. 

0.000000 

O.COOOCO 

O.COOOCO 

o.oocooo 

0.000000 

o.ocoooo 

c.rcoocc 

O.CCOOCC 

c.cccccc 

c.cccccc 

C.C03C0G 

C.CCCCCC 

C.CCGCH 
0 . 0 c c a 3 0 

o.ocoocc 

o.ccoaoo 
o.ocoocc 
O.GCOQOO 

O.CCOCOC 
o.ccoooo 
c. 000000 

0. CCOCCG 
O.CCCCCG 
0. 0QC000 

O.OOOcOO 
0 . 0 t 0 0 c c 
0. OOOQOO 

0. 0coooo 

1. CCOOOC 

3.0C0QQ0 

O.OCOCOO 

o.ococoo 

O-OOCOQO 

o.ocooco 

o.ocoocc 

0 . 00000 c 


LitE_ 

MAT IM'JM AND MINIMUM OF TME 

-RgECEOINGARRAY . ARE 

. 08902283 

-.02960010 



UPPTP MIHO 
X STATIONS 

SURFACE LIMITING CP TABLES 

c.ccooo 100.00000 








Y STATIONS 

c. 0000 c 

100.0000G 








LIMIT C-P 

-.137001 

-.137000 



1 





i 

-.137000 

-.137000 









THE 

MAT IM'JM AN3 MINIMUM OF T ME 

’RECEDING 

ARRAY ARE 

-.13700000 

>. 137GOOO t 




X/SCPERCENT) F3R WING THICKNESS PRESSURE COEFFICIENT 


B.ooaoo 

5 • 0 0 00 C 

5 5 . A 0 ft A n 

10.00000 
6Q. QOQDO 

15.00000 

65.00000 

20.00000 

70.00000 

25.00000 

75.00000 

30.00000 

80.00000 

35.00000 

95.00000 

40.00000 

90.00800 

45.00000 


103.CC00C 













£HI SPAN) 







o. cocao 

1S.GGSQC 

2.5000C 

40.00000 

5.0C900 
45. 0030 0 

7.50000 

50.03000 

10.00000 

60.03000 

12.50000 

70.00000 

15.00000 

50.00000 

20.00000 

90.00000 

25.00000 
95. QOQOO 

30.00000 

LOO.OOOCC 



WI4 

3 THICKNESS 

PRESSURE COE 

FF ICIENT 








C.CJC30C 
• C 3 3480 
-.027107 

.008208 
. OC 0 47 9 

.017194 

-.030100 

.020513 

-.001515 

.012938 

-.003906 

•007425 

-•094349 

.005430 

-.006065 

.003264 

-.013937 

.002661 

-.018165 

•005402 

••022130 


. C 0 3 J 8 4 
.COC07S 
-.026C55 

. OC 0515 
. CCC549 

.013914 

.001641 

.013935 
.000 329 

.009557 
-.003097 ■ 

.307661 

-.106390 

.000349 

-.010432 

•035986 

-•014792 

.001147 

-.017609 

.002164 

-.021228 


.012141 

.002861 

-.020938 

.012961 
.3 cl. 1 581 

.015735 

-.CCC866 

.014073 

-.002606 

.012224 

-.003720 

.008119 

-.007037 

.004619 

-.010502 

.003516 

-.014541 

.004264 

-.019393 

.032916 

-.024072 


.044193 
.0 0 1429 
-.0 28 459 

.310107 
• PC 1239 

.0040 35 
-.002097 

.005410 

-.004195 

.008955 

-.006319 

.008056 

-.311001 

.003985 

-.314695 

.004022 

-.017282 

.003647 

-.022324 

.000982 

-.326679 


.0 64049 
.CC 1735 
-.0 iC 494 

.007115 
-.000 490 

-.CC6116 

-.004020 

.004790 

-.006435 

.007254 

-.009850 

.004428 

-.014174 

.302431 

-.117639 

.032909 

-.023563 

.001848 

-.024990 

.001128 

-.028658 


.093720 
-.000060 
-.0 32645 

.006411 

-.001496 

-.006317 
- . 0 J 359 7 

.003027 

-.007547 

.004030 

-.012586 

.003180 

-.115899 

.001410 

-.118869 

.031083 

-.022399 

.001427 

-.026103 

• 000812 
-.030207 


• 1 33C2 1 
-.001296 
-.0 330 11 

• C C 4 414 
-.000407 

• • C 1C 40 7 
- • CO 4 60 1 

.000092 

-.010476 

.003698 

-.013770 

.301997 

-.015004 

-.00070 3 
-.019710 

.000861 

-.024340 

.000915 

-.026617 

-.031306 

-.029497 


.049035 

-.001164 

-.033546 

-.005775 

-.004334 

- . CC8818 
4.008049 

.001025 

-.011358 

-.001539 

-.015803 

-.001172 

-.019553 

.003760 

-.021919 

-.000641 

-.625428 

-.002589 

-.026908 

-.031167 

-.031613 


•C4C3GU 
- .G p 3529 

-.005285 

-.005053 

-.011646 

-.008474 

-.003849 

-.013308 

-.005326 

-.017619 

-.094686 

-.020301 

•.002869 

-.123333 

-.000826 

-.027004 

-.001664 

-.010666 

-.033324 

-.033324 


.027568 
- .0 G4918 
-.037629 

-.006494 

-.007486 

-.010 754 
-.011162 

-.009395 

-.014583 

-.006239 

-.017413 

-.006047 

-.022979 

-.004647 

-.026310 

-.012865 

-.029964 

-.004094 

-.031289 

-.031931 

-.034498 


• 0 4936C 
- .0 Q634G 

.303985 

-.008419 

-.007744 

-.011689 

-.014614 

-.016364 

-.010288 

-.021135 

-.318938 

-.023984 

-.003613 

-.327357 

-.033909 

-.030841 

-.004396 

-.035015 

-.035963 

-.036340 


.041224 

-.008291 

-.038881 

.001924 

-.011125 

-.010040 

-.014620 

-.012519 

-.017474 

-.011536 

-.021179 

-.010695 

-.025233 

-.007494 

-.129709 

-.014655 

-.033471 

-.005275 

-.036367 

-.035841 

-.038179 


.03321C 
-.008559 
* .0 4242 7 

-.001862 

-.01&521 

-.013157 

-.014992 

-.015995 

-.620118 

-•013605 

-.023898 

-.008113 

-.026893 

-.308726 

-.031013 

-.006863 

-.033403 

-.007759 

-.037491 

-.039207 

-.040248 


.0 18110 
-.0 13034 
-.342514 

-.0C279C 
-•014*6 <• 

- .C13687 
-.018624 

-.017204 

-.021547 

-.018154 

-.024323 

-.111229 

,-.328967 

-.007426 
-.0 32153 

-.037940 

-.036164 

-.007530 
-.039656 . 

-.010394 

-.041246 


•ci<ms 

-.317298 

-.001756 

-.019150 

-.010743 

-.021437 

-.015305 

-.026264 

-.014502 
-.029940 ' 

-.014319 

-.333184 

-.313645 

-.336010 

-.011831 

-.041326 

-.313038 

-.043471 

-.015074 

-.044470 





.fl i tSi i 7C 


.001231 
-.019311 
- .C 51*363 

-.004878 

-.022965 

-.010984 

-.026629 

-.014841 

-.030350 

-.015417 

-.034070 

-.016037 

-.030411 

•.017096 

•.042079 

-.010154 

-.046391 

-.010114 
-.049004 . 

-.017805 

-.051518 

.CU1?3? 

.034965 

.028397 

.021810 

.015191 

.030571 

.002120 

-.004005 

-.010130 

-.016048 

•.C21U93 

-.026937 

-.031904 

-.035574 

-.039245 

-.042013 

-.046047 

-.049201 

-.052317 

-.054549 

-.056781 _ . _ _ . 

.044927 

• C m 58 a 

« C 382 32 

•034884 

.031536 

.026711 

.320995 

.015279 

.039564 

.033329 

-.G: 3948 

-.010925 

-.017902 

-.024095 

-.029913 

-.035731 

-.341 549 

-.045697 

-.049134 

-.352571 

.345965 

.042864 

.039763 

.036662 

.032927 

.020799 

.324670 

.020541 

701*6412 

.010011 

• C 05117 

-.000597 

-.006310 

-.012095 

-.018139 

-.024103 

-.030226 

-.036270 

-.042826 

-.049862 

T.sttue 

.0 34998 

.032584 

.030170 

.027756 

.025342 

.022920 

.3 20514 

. 0 10100 

.015381 

.011956 

• C C8532 

.005108 

.001683 

-.001741 

-.005151 

-.030549 

-.311940 

-.015346 

-.018744 

-.022141 




THE MX 1 HUM 4N3 MINIMUM OF THE PRECEDING ARRAT ARE 

.11302127 

-.05689805 



0ELT8T « 

.079 SEC., T * 

147.160 SEC. 


FLAT MIMG *ORCE COEFFICIENTS 

C_ - .HZ7674 C a .3C0483Q 

XF 

• — S 

.770745 

C 

N 

— % 

-.089415 

C 

0 

• — • ■ 

.510681 

L 0 

L 


C 

L 


2 

C 

l 




e/2 


2.5798467 

1.2893861 


0.0C3GCQ0 183.8844C0C 

.C50CC00 172.G08701C 

IFCCfCC lftC.UIOGft 1 

•20CCCCC 136.3933123 

.3CCCC CO 113.9394744 

.5COCCGO 72.1611317 

•6CCCCCG 54.0214637 

.7CCCC 13 35.3917958 

•SCCCCCO 27.3627780 

.9C:CIC0 20.3038890 


1.0000000 ••82639 OJ 

1.0000000 -.9161196 

.3483733 l.CCQCQCO -1.C192347 

.6226274 l.OOOCOQO -1.27870CJ 

.4166064 1.0000000 -1.6352923 

.276 0 153 1.00 0000 0 -2.1 461007 

.1388743 1 . OOOOOGO -2.933C183 

.0284964 1.0000000 -4.1768068 

.2072074 1.CC0C030 -6. 68 21074 

.1246594 l.OGOOOOQ -9.0987203 

.2635956 1.0000000 -12.3067405 

.15 7 2312 l .CCOOOCO -18.399C 668 


X 

si ; 

C * 1.087735 C * .696259 --- * .693907 K « 

L 0 L E 


S C 

REE 8 

a .919341 — » -.020647 C » .074801 

S C H 

PROS L 3 


c 



a 

•CC2214 




MING-ON-NACELLEISI 







INTERFERENCE 

DRAG 

OF 

LOADING 

2 

( 

LINEAR CHDROMISE 

) 

ON 

LOADING 

INI FRFFRE NC F 

nn 

3F 


3 

( 


_L 


INTERFERE NOE 

URAG 

OF 

LOADING 

4 

(BOON UPHASM LOADING 

> 

ON 

LOADING 

interference 

DRAG 

OF 

LOADING 

5 

{ 

NACELLE 8U3TANCT 

l 

ON 

LOAOING 

interfere nce 

OPAG 

OF 

LO AO INS 

6 

(SIMILAR IO C LAI WINGI 

ON 

LOADING 

INTERFERENCE 

ORAG 

3F 

LOADING 

7 

( 

CU3IC CHDROMISE 

1 

ON 

LOAOING 




- C 


1 

» -. 5568 AT 

80 

.0000 PERCENT 

p p 

JPPER SURFACE H11T 

J 


•588670 


1 

UNIFORM OR 

CONSTANT 

> 

IS 

1.19789336S»00 

A_ 

UNIFORM OR 

CONSTANT 

» 

IS 

2.72828S25E-01 

1 

(UNIFORM OR 

CONSTANT 

1 

IS 

9.81740777E-C3 

t 

(UNIFORM OR 

CONSTANT 

» 

IS 

3. 06543 J52I-03 

l 

(UNIFORM OR 

CONSTANT 

> 

IS 

5. 77825109I-C 1 

t 

(JNIrORN OR 

CONSTANT 

> 

IS 

l.997215S4£»00 

S; 

1ISPAN AND 

100.0000 

PERCENT 

chord 






s 


Li* 
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WING im FOR LINEAR CHORPMISj LOADING 


MINS OESIGN 

7 LOADINGS in: 

LJ3ING FUSELAGE 

AN] NACELLE 

LOADS 

SPAN'MISE 

(1ISTRI9UTI0N OF 

SECTION ORAG, 

LIFT, ANO PITCHING NOHENT 

Y 


SECTION 

SECTION 

SECTION 

•— 


C 

C 

C 

9/2 

:hor 3 

0 

L 

N 

o.occcoco 

183.94440:0 

9.5852343 

1.70 0 3484 

-1.6864083 

. 35CC C CL 

1 72 • C 0 8 70 10 

I.53flCb9W 

1.5907850 

-1.7220469 

.kccccj 

160 ■ 1 33L 02 3 

2.3922455 

1.4913403 

-1.7557711 

.icuorco 

136.3933:33 

1.0417997 

1.2610877 

-1.8227090 

uccccoo 

113.9394744 

.4392285 

1.0542456 

-1.8987452 

■■mnn 

92 . 5 9 7C 8 8 2 

.1310471 

.8562936 

-1.9607872 

.5; a: coo 

72.1611317 

-.0 107430 

.6681052 

-2.C70C0BI 

.scocsce 

54.0214637 

-.0590831 

.4994753 

-2.1762495 

.^rjrtCC 

35. SSI 79SS 

-.0 705393 

. 3334622 

-2.2833441 

•Rcoiets 

27.3627760 

-.0029394 

.2534695 

-2.34919C3 

•SCCiCCC 

20.9034890 

.0083485 

.1946099 

-2.4256667 


— IH.LIIIIIW 

— III III II — 

« 13988C1 

-2.5921430 


X 

Sit 


Z n 

1.155897 


1.681279 

— - s 

.73141$ 

K » 

1.258349 

l 


9oK 


l 


E 



S 

REF 

• • • — — 8 

.919341 

c 

- • 8 

-.1 16755 

C ■ 

-.031602 

S 

PROG 


c 

l 


N 

0 


c 

0 


a 

.002290 






INTERFERENCE 

ORAG 

OF 

LOAOING 

1 

UNIFORM OR CONSTANT 

1 

ON 

LOAOING 

2 


LINEAR CNOROMISE ! 

IS 

7.4996797ZE-D1 

1 III li null 

fHH 

Ell 

LOAQING 

3 

( LINEAR SPANNISE 

_L 

ON 

LOADING 

2 


LINEAR CNOROMISE 

IS 

1. 4635 3882E-Q 1 

INTERFERENCE 

ORAG 

OF 

LOAOING 

4 

(BOON JPNASN LOADING 

> 

ON 

LOAOING 

2 


LINEAR CNOROMISE 

IS 

3. 0 187 54905-0 3 

3 INTERFERENCE 

ORAG 

OF 

LOAOING 

5 

( NACELLE BUOYANCY 

> 

ON 

LOAOING 

2 


LINEAR CNOROMISE 

IS 

3. 31C 50846E-0 3 

INTERFERENCE 

ORAG 

DF 

LCAOING 

6 

(SIMILAR TO FLAT MINS 

;> 

ON 

LOAOING 

2 


LINEAR CNOROMISE 

IS 

5.558686J1E-01 

INTERFERENCE 

ORAG 

DF 

LOADING 

7 

( CUdIC CHOROHISE 

1 

ON 

LOAOING 

2 


LINEAR CNOROMISE 

IS 

3.18287578- *00 

MINIMUM OF (C 



- c 


> » -1.7273 AT 

0.0000 PERCENT 

s= 

NISPAN ANO 100.0000 

PERCENT CHORD 

p p 

UPPER SURFACE LIMIT 





















DELTA! « 

11 

.648 SEC., T * 288.338 SEC. 







MING CUT* FOR LINEAR SPANMISE t LOADING 


MING DESIGN 7 LOADINGS INCLUDING FUSELAGE AND NACELLE LOADS 


SPANN I SI 

DISTRIBUTION OF 

SECTION DRAG, 

LIFT, ANO PITCHING NONENI 

V 




SECTION 

— 


C 

c 

C 

9/2 

aKQRQ 

Q 

L 

H 

O.OCCMOO 

183. 8 844CG0 

3.G000003 

0.0000000 

0. 00G00C3 

.C50CCC0 

172.0087010 

-.C089937 

.1500000 

-.1374179 

•lGcccce 


.1125175 

. 3000 000 

-.3057704 

• ?G C C C 00 ' 

136.3933123 

,466056.1 

.6000000 

-.7672205 

.3CC0CCC 

113.939-.744 

.6422840 

.9000000 

-1.4717633 


— 1 It 1 unl mi 



-2.57532C5 

.sccecco 

72.1611317 

1.3608279 

1.5000000 

-4.3995276 

.6cctrcc 

54.021463 7 

1.3869116 

1.8000000 

-7.5182522 

RHHDnmi 

35.8817953 

'‘"■CTTTTnw 


-14. G 324255 

•8CCC GOO 

27.3627760 

2.0575935 

2.4C0C000 

-21.8369286 

.9cortcc 

2C.3C3S88Q 

3.C910470 

2.7000000 

-33.2281995 

L..?Pg.C»C. 

• !4.445uCOO 

2.34850 95 

3.0000000 

-55.1972064 


X 

' Cf • 

C = 1.029478 C * .819515 — - ■ .776981 K ■ .771256 

L D L E 


*E* 

■ - - a 

.919341 

C 

N 

- - n 

-.233510 

c * 

-.148363 

PROG 


c 

L 


N 

3 



C 



3 

.002385 










-ON-NACELLEISI 











INTERFERENCE 

DRAG 

OF 

LOADING 

1 

(UNIFORM DR CONSTANT 

> 

ON LOADING 

3 

1, 

.IfZNEAl^ SRANMISE 

> 

l* 

5. 77550 5 95E- 01 

INTERFERENCE 

DRAG 

J3UL 

LOADING 

2 

1 LINEAR CHORDMISE 

_L 

ON LOAOING 

3 

jJ 

LINEAR SPANNISE 

» 

IS 

4.44059566E-01 

INTERFERENCE 

ORAG 

DF 

LOADING 

4 

( 300Y UPMASH LOADING 

) 

ON LOAOING 

3 

1 

LINEAR S*ANNI$E 

1 

IS 

6.98665033E-03 

INIERFERENCE 

ORAG 

OF 

loading 

5 

( NACELLE BUOYANCY 

» 

ON LOAOING 

3 

( 

LINEAR SPANMISE 

) 

IS 

5.8 70 12595E-0 3 

INTERFERENCE 

DRAG 

OF 

LOADING 

6 

(SIMILAR IO FLAT MING) 

ON LOAOING 

3 

( 

LINEAR S»ANMISE 

> 

IS 

5 • 0955477 5E-0 1 

INTERFERENCE 

ORAG 

OF 

LOADING 

7 

( CUBIC CHORDMISE 

) 

ON LOAOING 

3 

( 

LINEAR SPANMISE 

> 

IS 

-2.68536048E-02 

PINIHUH OF 1C 



=_B 


1 * -1.5255 AT 100 

.0000 PERCENT 

_S| 

MISPAN ANO 100.0000 

> 

ERCENT 

CHORD 


P P 

UPPER SURFACE UNIT 


DEL TA T » 11.668 SEC.. T ■ Stiff 
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(ING OAT A FOR BODY UPMASH LOADING LOAOING 


MING DESIGN 

7 LOADINGS INCLUDING FUSELAGE 

AND NACELLE 

LOADS 

SPANHISE 

OISIRI3UTION OF 

SECTION OKAS, 

LIFT, AND PITCHING MOMENT 

Y 


SECTION 

SECTION 

SECTION 

— 


C 

C 

C 

R /? 

3HOR9 

0 

l 

H 

0 .OCSCCCO 

183.3fl44C0Q 

3.0000000 

.0161336 

■•0123903 

.05CCCC0 

1 72 . G C 8 70 1 0 

o.ococooo 

.0169017 

•# C 140 841 

.tecccco 

.. 1EQ.133CCSQ 

c. 0 000 000 

.0199531 

• • O 1690 CO 

. 2 ccccc: 

136.3933123 

o.ococooo 

.0185909 

-.02C7081 

• 3C&T.C 00 

113.9394744 

G.CC0Q0C.0 

.0172857 

-.0258329 

.-.OJOCCO 

92.597000? 

- 0.0 000000 

.0179857 

-.0350691 

. s c c r c cc 

72.1611317 

0.LCC3CCQ 

.0176119 

-.09997CI 

•scjccco 

59. 0219637 

o.ococooo 

•0194278 

-.C788286 

/7 f 3 r c c c 

35.58177*8 

o.ccaooco 

.0227637 

-.1597055 

.acjccco 

27.3627760 

0.0000000 

.0297868 

-.2236879 

.9CCCCCC 

20.3030300 

C.CLCCOCO 

.3233790 

-.2073805 

i.ococcco 


lUAMlAfci 

. C 1 35356 

-.2572103 


X 

_£i 


C 3 

.020159 

C * 

c.cooooo 

••• » 

• 647725 

K > 

0.000000 

L 


0 


L 

• 

E 



S C 

REF i 

tamii " 

s c 

PROS l 


.097683 C » .003770 

N 

3 


c 



a 

.000029 












PELLETS! 













INTERFERE NDE 

ORAG 

OF 

LOADING 

1 

(UNIFORM DR CONSTANT 

> 

ON LOADING 

6 

(BODY 

UPNASN 

LOAOING 

1 

IS 

0. 


INTERFCRrnlC 

-DRA6. 

M. 

UM 

2 

JL-LIHE^. CH?RPNtSE. 

_L 

ON LOADING 

9 

(BODY 

UPNASN 

LOADING 

_L 

Is 

0. 


INTERFERE N3E 

DRAG 

OF 

LOADING 

3 

( LINEAR SPA.NXISE 

) 

ON LOADING 

9 

(BODY 

UPNASN 

LOAOING 

► 

IS 

0. 


interference 

ORAG 

OF 

L0A0IN3 

5 

( NACELLE BUOYANCY 

) 

ON LOAOING 

4 

(BODY 

UPNASN 

LOAOING 

» 

IS 

0. 


INTERFERENCE 

DRAG 

OF 

LOADING 

6 

(SIMILAR TO r lAT WING) 

ON LOADING 

4 

(BODY 

UPNASN 

LOADING 

» 

IS 

0. 


INTERFERENCE 

ORAG 

OF 

LOADING 

7 

( CUBIC CHOROHISE 

l 

ON LOAOING 

4 

(BODY 

UPNAS( 

LOAOING 

> 

IS 

0. 


MINIMUM OF ( C 



• C 


I « -.0657 AT 

90 

.0000 PERCENT 

SE1ISPAN AND 

LOO. 0000 

PERCENT CNORO 


P P 

UPPER SURFACE llllf 



‘ 














S 




-- 



OELTAT 




.550. SEC. . T • 

220.556 SCC. 



MING OCSIGN T LOADINGS INCUOING FUSELAGE ANO NACELLE LOAOS 


SPANN I SE OISTRI3UTION OF 

SECTION ORAG, 

LIFT, ANO PITCHING NOHENT 

Y 



SECTION 


C 

c 

C 

8/2 CH3R3 

0 

L 

H 

O.OCOOCOO 183.8844000 

3.0000030 

0.0030000 

0.0000003 

.r c 0CCC3 172.0087010 

3.0000000 

.0009363 

-.0013137 

PTI HWtl 


sbbhti * i » wtm 

^J)P3 87gt 


•2CQCGC0 136.3933123 O.G COUOOO . 00 31379 -. 0062599 

.30000 CO 113.9394749 G.COOOCOO' .0062126 -.0126341 

■ 4CCrrC0 92.597 0392 3.0 Q_CC 00 0 .CO 9 b 89 5 -.0 2 46218 

.50000 00 72.1611317 0.0*000000 .0094939 -.0300187 

.6C0CC0C 54.0214637 0.0000000 .0082822 -.0370251 


. 7 r c t c c 

3S ,8«1/9 c 8 

o.ccoieco 

. CC 82231 

-.0577493 

.8C00CC0 

27.3E2775C 

0.0000000 

•CCG00CC 

-.occoooo 

•90CCCC0 

?C .9036880 

o.oooooco 

0.0000000 

0.0000003 


l.CCCCOCQ -14 .4 45000 0 3.0 000000 0.00 0 0 0 IQ QjJJ 00 000 


X 

CP 


C a 

L 

.CCS272 

■a 

3.C0CC00 

L 

.860673 

K • 0.000000 

E 

s 

REF 

- -- -- * 

.919341 

c 

N 

- - m 

-.447954 

c * 

-.001890 


S 

PROG 


c 

L 


N 

3 



C 

D 


w 

3.000000 





WING- ON -NACELLE! SI 


INTERFERENCE 

ORAG 

OF 

LOADING 

1 

(UNIFORM OR CONSTANT 

> 

ON LOAOING 

5 

( 

NACELLE 

BiOTANCr 

1 

IS 

0. 


urn* 

3F 


2 


_L 

ON LOADING 

X 

X 

NACELLE 

BJOTANCT 

> 

IS 

0. 

INTERFERE MCE 

DRAG 

OF 

LOAD INS 

3 

( LINEAR SPANWISE 

1 

ON LOADING 

5 

1 

NACELLE 

BJOTANCT 

» 

IS 

0. 

INT ERFERENCE 

ORAG 

3F 

LOAOING 

4 

(SOOT UPWASH LOAOING 

I 

ON LOAOING 

5 

{ 

NACELLE 

BJOTANCT 

1 

IS 

0. 

interference 

DRAG 

O c 

LOAIINC 

6 

(SIMILAR TO FLAT WINGI 

ON LOAOING 

5 

( 

NACELLE 

BJOTANCT 

I 

IS 

0. 

INTERFERENCE 

ORAG 

3F 

LOA9ING 

7 

( CU3IC CHOROMISE 

I 

ON LOAOING 

5 

( 

NACELLE 

BJOTANCT 

1 

IS 

0. 




- c 


I * -.0568 AT 

U 


X 


luiH4!U 

CHORD 


P P 

JPPER SURFACE LINII 


TAT < .543 SEC.. T ■ (21.899 SEC. 








„■ ng data for similar to flat wins loaoing 


WING DESIGN 7 1ADINCS INCUDING FUSELAGE 

AND NACELLE 

LOADS 









SPANWISE OISTRI3JTION OF SE 

CTION DRAG. 

LIFT, AND PITCHING HONENI 









Y 

SECTION 

SECTION 


SECTION 









--- 

C 

C 


c 









Q/2 CHORD 

0 

L 


N 









O.OCCCCCO 183.88440C0 

3.1492958 

.9993676 


-.7261872 









.050CCCC 172.CC87Ctfl 

1.3843790 

. 9980726 


-. 81546CS 









.lCCCftO- 16C.133CCGO 

•9C992C7 

. 9961629 


-.9175504 







- 


.2CCCCCC llb.3933123 

.5799414 

,9997471 


-1.1785240 









.JGCOrcC 113.9394744 

.2921199 

. 9948314 


-1.5298263 









• «tCCG C CO 92.597C882 

.1034851 

_ .1.0008060 


— -2. Q47?526_ 









.STCiCCC 72* 1611317 

•C 492555 

.9920661 


-2.8142721 









.6C5CCC: 54.0214637 

-.2C11954 

1.0049852 


-4. 0944839 









■Mim 35.5817993 

at. 3 384355 

.9839211 


-6.4831121 









.BuSCCtC 27 .3627760 

.0802501 

.9978718 


-8.9798354 









•9C0CCCC 2C • 9C 38830 

.2934192 

.9677070 


-11.8278473 









i.oooocfo 14.4450000 

*.1068973 

. .9098076 


-16.685902? 











* 

CP 










/ 

C * 1.083094 : » 

•645434 

651715 K * 


.550199 







L 0 


L 


E 









ot 

o 













REF i 













.919341 — * 

.087461 

- .191574 









s c 


rt 











PROG L 


D 











C » 

.001814 












wing-on-na:ell=isi 













3 INTERFERENCE DRAG DF LOADING 

1 (UNIFORM 

DR CONSTANT 


ON LOADING 

6 

(SINILAR 

TO 

FLAT 

NINGI 

IS 

7.29766232E-01 


I.MI £LiE£iT.NCE DRAG OF LOADING 

2 1 LINEAR 

CH3RDWISE 


ON LOADING 

6 

(SIMILAR 

10 

FLAT 

WING) 

IS 

1.19313180=400 


INTERFERENCE drag of LOAOINS 

3 < LINEAR 

SPANWISE 


ON LOAOING 

6 

(SIMILAR 

TO 

FLAT 

WING) 

IS 

2 • 1 1723944E-01 


INTERFERENCE drag OF LOADING 

4 (30DY UPWASH LOADING 


ON LOADING 

6 

(SINILAR 

TO 

FLAT 

WING) 

IS 

1.09292242E-02 


INTERFERENCE DRAG DF LOADING 

5 1 NACELLE 

3 JDYANCV 


ON LOAOING 

6 

(SINILAR 

TO 

flat 

4195) 

IS 

2.270C8495E-0 3 


INTERFERENCE DRAG OF LOAOING 

7 ( CU3IC 

CHOROWISE 


ON LOADING 

6 

(SINILAR 

TO 

FLAT 

NINGI 

IS 

2.0096C098E460 


H1NINUH OF 1C - C 

!_i cl 

.2500 AT 

0 

.0000 PERCENT 

SE 

NISPAN ANO 

C, 

0000 PERCENT 

CHORD 


P P 

JPPER SURFACE UMIT 















___ 


■ 



DELTAT • 

14.365 SEC.. T > 235.464 SEC. 



MINS OESICN 

7 LOADINGS INCLUDING FUSELAGE 

AND NACELLE 

LOADS 


SPANMISS 

DISTRIBUTION OF 

SECTION DRAG. 

LIFT* AMO PITCHING MOMENT 

i 


Y 




SECTION 




C 

c 

C 


8/2 

CHORD 

0 

L 

M 


0.0030030 

183.89I.40C0 

61.9447617 

3.6402351 

-3.7361262 


•050CCQ0 

172.C087010 

1 9.53062 94 

2.9795580 

-3.3251632 


HMinni 

■URUMW 

m h i m 1 1 mm 




•2CCC0C3 

136.393J123 

.0303302 

1.4855070 

-2.1966141 


. Jtcrcco 

113.9394744 

-.4594161 

.8660677 

-1.5890832 


.-i.fC-C.LU_ 

92.597C8S2 

-.2787932 

.4648139 

-1. 09C61 71 


' .SCQCCOQ 

72.1511317 

-.1C50435 

.2200213 

-’.6891720 


•5C0CCCQ 

54.0214837 

-.0 311981 

.0922852 

-.4039907 


.rccrccj 

35.9917 158 

-.CC5775? 

.027C614 

-.1862215 


.8CCCCC0 

27.3627750 

-.0010861 

.0119949 

-.1115644 


.9CCCCC3 

20 . 9C 38980 

-.0002C99 

.0053627 

-.0670415 


l.COOCOOO 

14.445U0C0 

-.CC0C292 

.0019107 

-.0336120 


X 

c® 

C ■ 1. 

444349 C ■ 

5.189257 

m .724380 K • 2.966839 


L 

0 


L 

E 


s 

c 





REF • 

M 





* 

919341 — « 

-.098730 

C • -.013455 


s 

C 


N 



PROG 

L 


3 



C 

s 

•0G21G5 



* 



-ON-MACELLE(S) 






interference 

DRAG 

OF 

LOAOING 

1 

(UNIFORM DR CONSTANT 

) 

ON LOADING 

7 ( 

CUBIC 

CHDRDMISE 

) 

IS 

1.049315581*00 



na 

WIIMM 

2 


_L 


7 ( 



J_ 

IS 

2.789190361*00 

interference 

ORAG 

3F 

LOADING 

3 

t LINEAR SPANHISE 

) 

ON LOAOING 

7 ( 

CUBIC 

CHDRDMISE 

1 

IS 

-9.77387010E-G2 

interference 

ORAG 

OF 

LOAOING 

4 

(900Y UPMASH LOAOING 

) 

ON LOADING 

7 ( 

CUBIC 

CHDROMISE 

) 

IS 

1.236Q5007E-02 

interference 

DRAG 

9F 

LOADING 


( NACELLE BUOYANCY 

> 

Oil LOADING 

7 ( 

CUBIC 

CHDRDMISE 

) 

IS 

-1.15391425E-04 

interference 

DRAG 

CF 

LOADING 

6 

(SIMILAR TO FLAT MING) 

ON LOADING 

7 ( 

CUBIC 

CHDROMISE 

) 

IS 

7.594181S3--01 




“ C 


1 « -3.6673 AT 

0 

.0000 PERCENT 

SENISPAN AND 100.0000 

PERCENT 

CHORD 


p p 

UPPER SURFACE LIMIT 


OElTAT ■ 12.8IT SEC.. T « 247.651 SEC. 







FORCE COEFFICIENTS OF COMPONENT ANO INTERFERENCE LOAOINaS 


KING DESIGN 7 LOADINGS INCLUDING FUSELAGE AND NACELLE LOAOS 


GROSS MING AREA a 1076 

6. AO 1556 

SREF/SPROG * 

.919341 

CL 1 * 

1.CS7735 FOR UNIFORM QR CONSTANT 

LOAOING 


CL 2 a 

1.155897 FOR 

LINEAR CHOROMISE 

LOADING 


CL J * 

1.029A 78 FOR 

LINEAR SPANHISE 

LOAOING 


CL 4 a 

•02C1A9 FOR 

BOir UORASH LOAOING 

LOAOING 


CL S * 

• CC 527> FO* 

NACELLE BJOYASCf 

LOAOING 


CL 6 * 

1.08309A FOR 

SIMILAR tO 

FLAT RING 

LOAOING 


CL 7 a 

1.444349 FCR 

CUBIC CHOROHISE 

LOAOING 


C-N-0 1 a 

. 074801 





C-H-0 2 a 

-.C316C2 





OM-O 3 = 

148 JhJ 





C-M-0 A « 

.CO 3773 





C-H-0 *> * 

-.CC1890 





C-M-0 6 « 

.13157A 





C-H-0 7 * 

-. 0 1 3A 55 





CD l t/ICL 

11 (CL 1) > 

• 565A70 




CD 2 2/ (CL 

2) (CL 2) a 

1.2583A9 



, 

cn 3 3 /CL 

3) (CL 3) = 

.773256 




CD A A/ (CL 

4) (CL 4) = 

0.003000 




CO 5 5/CL 

5) (CL 5) a 

o.occccc 




CO 6 6/ (CL 

51 (CL 63 « 

.550199 




CO 7 7/CL 

71 (CL 71 « 

2.966839 




(CO 1 2*CO 

2 ll/ICL 11 (CL 

21 = 

1.5A9229 



ICO 1 3»C0 

3 ll/ICL 11 (CL 

31 a 

. 759A0A 



(CD t a»;o 

A 1 1 / (CL 1) (CL 

A! a 

• AA 7950 



(co i f*:o 

5 ll/ICL 11 (CL 

51 a 

. 53A5AA 



(CO 1 6»C0 

5 ll/ICL 11 (CL 

61 a 

1.109915 



(CO 1 7*CD 

7 ll/ICL ll (CL 

71 a 

1.9331A5 



(CO 2 3*C0 

3 21/ (CL 21 (CL 

31 a 

•496159 



(CO 2 4*CD 

A 21 / (CL 21 (CL 

A! a 

. 3572A2 



(CO 2 5*~0 

5 21/ (Cl 21 (Cl 

51 a 

.543239 



(CO 2 6*C3 

5 2) / (CL 21 (CL 

61 a 

1.317025 



(CO 2 7»C0 

7 21/ICL 21 (CL 

71 a 

3.577116 



(CO 3 A*0D 

A 31/ (CL 31 (CL 

4) * 

•A332A9 



(CO 3 5*CD 

5 31/ (CL 31 (CL 

51 a 

1. 081547 



iC O 3 6*:o 

5 31/ (CL 31 (CL 

61 = 

• 646874 



(CO 3 7*00 

7 31/ (CL 31 (CL 

71 a 

-.083792 



icn a s*cn 

5 A) / (CL At (CL 

51 a 

0. G00C00 



cm »♦ 6»cn 

5 A!/ (CL At (CL 

6) * 

.500815 



(CO A 7»cc 

7 Al/ICL A 1 (CL 

71 a 

■ 424736 



CCD 5 6*C0 

5 51/ (Cl 51 (CL 

6) « 

. 397049 



(CO 5 7*C0 

7 51 / (CL 51 (CL 

71 a 

-.015154 



(CD 6 7+CO 

7 61/ (CL 61 (CL 

71 = 

1.770058 



CO N IMG-LIFT-ON-NAC-LLKS 

1 » 

.032214 



CO WlNG-lirf-ON-NACELlES 

2 » 

.032290 



CO HI'CG-LI FT-ON-NACELLFS 

3 = 

.002385 




CD M ING-UFT-ON-HACULES 4 a .000029 

CD N ING-LIFT-ON-NACELLES 5 a O.OOCOOO 


Cn RING-LIFT-ON-NACELLES 7 * 


002105 


BELTAT • 


OtS SEC. , T ■ 2*7.559 SEC 


RESTART OATA PJ4CHEO, JECK IMAGE F DEL OHS . 




■aikianna 


1.29C1996111736E*00 1.790749732 *4 28E*GG 7. 81789088&2871E-01 9.025SS03S97905E-03 
2.81813C2436644E-C3 1 .2C214»28583U£»G0 2. 90080 24 76S434E*00 0. 


2913156 336f 30 


C. 0. 0. 

l.7907497324429E*G0 3 .0 91 33 924043C 2E*0C 5 . *279 1S828&634E- 01 
434373032637E-G3 1 . 6C 792 96 727* 3 7E»C 0 5 . 49 03682 398974E > 00 


0 . 0 . 0 . 0 . 

JLi Qj 7. 81789088 6287 IE- 01 5.4279 158 236634E-01 

1.50682«9(21450£»OC 8. 261828145799 7E- 0 3 5 . 396 650 379751 1E-0 3 6. 6310 145733337E- 01 

■1.1454237 69 C183E-01 0. 0. 0. 
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SOLUTION FOR DESIGN 0 • .100000 

L 


RIGHT -SIOE SOLUTION NATRI X 


sMt2US£Z ruca2ia»l ... 


0 0214293 

-.00002706 

-0.00000000 

-.00166741 

-.00193557 

.09193415 

1.00300000 

1.10010000 

LEFT-STOE SOLUTION 
l.?8C?CS 1-/9C753 

MATRIX 

. nzaizaa- 

.009076 

.002810 

1.202142 

2.800302 

l.ooooaa 

0.100000 

0,000000 

1. 790790 3.091339 

. 701789 .542742 

.cm:26 -CCB291 


.5.2792 
1.536323 
■ .810262 - 

.000291 

.000262 

0.000000 

.003043 

•005397 

1.507923 

.663111 

.010048 

5.490368 

-.114543 

.011364 

1.062664 

.946442 

.018523 

0.000008 

0.000000 

1.000000 

0.000000 

0.000000 

0.000000 

. 03 2818 .003C43 

1. 20214* 1. 607024 

__1 ?• 800802 5.493333 


.005397 

.653101 

--.114543 

o.ccooot 

• C 10040 
.011364 

o.ooacoo 

.002087 

-.000106 

.002037 

1.186743 

2.545674 

-.000106 

2.545574 

11.380382 

.004947 

.995733 

1.327950 

0.000000 

0.000000 

0.100000 

1.000000 

0.000000 

o.ooooco 

1.CJ30C0 1.062*6. 

c.co:coc o.ococoo 

C.TC.a.l] Utlt.Ct.L_ 


.346442 
0.000000 
MM - 

• C 13 523 

l.ocaooo 
0.0 00000 

.004847 

0. 0G0C00 

1. QCOOCQ 

• 395733 
0.000030 

a.ooococ 

1.32 7350 

o.caoioo 

0.000300 

0.000000 

0.0C0CDQ 

0.000000 

0.000080 

c.ooooco 

o.ooooco 

0.300000 

o.ooooco 

0.000000 

DETERMINANT OF LHS * 


003080481* s 

- 3. Q80 4 84 E 

-03 





TFST O r SOLUTION ACCURACY 
THE FOLLOW INS TABLE IS IHE 

BY MULTIPLICATION OF SQUARE MATRIX 
PRODUCT . 

BY SOUTION COLUMN MATRIX 




-2.03S7E-C3 -2.1C55E-33 

-2. 

193CE-03 

-2. 7061; -0 5 

-8.6736E-13 

-1 .6674E-03 

-1.9356E-03 

9. 1934E-0 2 

1.0000E400 

1.00036*00 



* C-L 




* 

c 

M K 

I I 





0 E 

1*1 2 

3 

4 

5 6 7 


.012647 .366875 

-.073210 -.003980 

.032005 

.020149 

.005272 .115044 .004721 


£l ANQ CD FROM AL9E3RAIC COMBINATION OF 

LOADINGS ARE 


.100000003 .003666746 


MINIMUM OF «C 

P 

UPPER 

- 3 1 ■ 

P 

SURFACE Lilli 

-.0161 AT 

70.0000 

PERCENT S; MI SPAN AND 0.0000 PERCENT CHORD 






DELTA! • 2.011 SEC., f • 

249.511 SEC. 



LIFT- 

•DEPENDENT 

DRAG FACTOR 

< as a function of c 
E N 

. ... 0 

FOR Z » . 

L 

! DESIGN 

1000 



A C-L . . . ... . ...... 

C 

H 

< 

I I 








0 

E 

1*1 

2 

3 

4 

5 

6 

7 


-.01*000 

.5 75535 

.05HSS5 

.001594 

.071107 

.020149 

.005272 

-.076022 

.019215 


-.019000 
-• 013003 
-.009000 

.536693 

.501030 

.470976 

.045774 

.037863 

.019957 

.001048 

.000502 

-.000043 

.067279 

.063451 

.059624 

.020149 

.020149 

.020149 

.005272 

.09527! 

.00527! 

-.057310 

-.033615 

-.019911 

.017797 

.016370 

.014959 


-.006000 

-.0C30C0 

.cocoao 

.444170 

.431764 

.437407 

.037040 

-.005071 

-.010707 

-.000589 

-.001135 

-.001680 

.055796 
.351963 
. 043141 

.020 149 
.020149 
.020149 

.00527! 

.00527! 

.00527! 

-.001200 

.017495 

.036199 

.013540 

.012121 

.010702 


.onoco 

• CC 60 CO 
.509000 

.307549 

.376669 

.369079 

-.031693 

-.044604 

-.057516 

-.002226 

-.007771 

-.003317 

.344313 
.040485 
. 03F658 

.020 149 
.0 20 149 
.0 70 149 

.005272 

.005272 

.00527! 

.054902 
.073605 
.0 97309 

.009703 

.007064 

.006445 


.017000 
.015000 
.010(1 CO 

.166967 

•36*105 

• 3 7 1 ?4 1 

-.070477 
-. 08 33 30 
-.096749 

-.003863 

-.004408 

-.004954 

.032330 
. 029002 
,025175 

.020149 
.070149 
. 0 70 149 

.005272 

.00527! 

.005772 

.111012 

.129716 

.143419 

.005077 

.003500 

.007189 


.071000 
. 071.0 00 
. C 770 CO 

.387377 

.395511 

.417644 

-.139160 
-. 1773 77 
-. 13490J 

-.005500 

-.006045 

-.005591 

.321347 

.017519 

.013692 

.023 149 
.070 149 
_*02L44i_ 

.005772 
.00577! 
*10577! 

.167122 

.185026 

.204529 

.0C6770 

-.000649 

-.007068 


*030000 

.033000 

.030300 

.433776 

.450907 

.400030 

-.147394 

-.163005 

-.171716 

-.007137 

-.007687 

-.008228 

.309364 
.006036 
• CC22C9 

.020149 
.0 20149 
.070 149 

.00527! 

.03527! 

.005272 

.223233 

.241936 

.260639 

-.003487 

-.004935 

-.006374 


.039000 

.01.7001 

.571166 

.558794 

-.186673 

-.199539 

-.003773 

-.009319 

-.001619 

-.005447 

.020149 

.070149 

.00527! 

.03527! 

.279343 

.293046 

-.007743 
-.009162 
DELTA! * 

1.019 SEC.. T ■ 250.599 SEC. 

DETERMINANT OF SOLUTION MATRIX 

FDR PRECEDING SOLUTIONS 

IS 

SCCC97CS0 * 

9.7G8E-C5 





100000 


SOLUTION FOR OESIGN C a 
L 


WITH l CONSTRAINT ( S) ON PRESSURE 


RIGHT -SIDE SOLUTION MATRIX 
-• CC 20 3*567 -.00210551 -.00219299 

l.oreoaccc 

-. 00002 70 6 

-0.00000000 

-.00166791 

-.00193557 

.09193915 

.26261951 

1.100)0000 

LEFT-SIOE SOLUTION MATRIX 
1. 25 C2C C 1.290750 .201739 

.009025 

. 0 Q?aia 

1.202192 

2.800102 

... 1.000000 

1.000000 

0.0)0000 

o.coccrc 
1 • 79075C 
o.coccoc 

3.091319 .592792 

.008291 

.003093 

1.607929 

5.990368 

1.062869 

0.000000 

0.000000 

.781709 

O.OOOOOC 

. C 0 9 n 26 

.592792 1.505829 

.018291 . 000262 

.008262 

o.ocooco 

.005397 

0.000000 

.6631)1 

.010098 

-.119593 

.011169 

.996992 

.018523 

2.100000 
.3 95059 

0.000000 

1.000000 

0.00 jOCO 
. 00 2318 
1.0000CC 

•0C3C93 .005397 

0.000000 

0.000000 

.002087 

-.000106 

.009897 

0.000000 

0.000000 

1.202192 

c.coooco 

2. 800302 

1.6C7929 .563101 

5.990358 -.119593 

.010098 
.011369 

.002087 

-.0C01C5 

1.186799 

2.595679 

2.595579 

11.38082 

.995733 

1.327850 

2.500000 

o.tooooo 

0.030000 

0.000000 

o.tooccc 

1.000000 

C.MOCCO 

1.062669 .996992 

.015523 

.009897 

.995733 

1.32 7850 

0.000000 

0.000000 

0.000000 

1.000CCC 

c.cocccc 

o.ocooro 

O.OGOCGG 2. 100QGG 

O.CGCOCG 0.000000 

• C95C59 

l.ecocoo 

O.OOOCOO 

0.000C00 

2.500 0 3 
0.000030 

0.000300 

0.000000 

O.OCOOOO 

0.000000 

0.000000 

0.000000 

0.0)0000 

0.0)0000 

0.C00GCC 

0.000009 

0.000000 

0.C0QCC0 0*000030 

0.000000 

1.000000 

0.000030 

0.000000 

0.000000 

0.000000 

o.oocooo 

DETERMINANT OF LHS a .573031772 = 

5. 730318E 

-01 





TF ST OF SOLUTION ACCURACY OY MULTIPLICATION OF SQUARE MATRIX 
THE FOLLOWING TABLE IS THE PRODUCT. 

BY SOLUTION COLUMN MATRIX 




-2. 0 357E-C 3 
l.QCCCEKC 

-2. 1055E-0 3 -2. 1930E-G3 - 

2 . 7061E-0 5 

8. 6736E-19 

-1.6679E-03 

-1.9356E-03 

9.19I9E-02 

2.6269E-01 

l.OOBOEAM 

c 

A C-L 
I I 








M 

0 

K 

E 1*1 2 

3 

6 

5 

6 

7 



.012173 

.367992 ' -.013679 -.019256 .022905 .020199 

.005272 

.079968 

005136 



CL AND CD 



_A&£ 

.100000000 




MINIMUM OF <C 

- C » a 

£ E 

. 00 59 

AT 70.0000 

PERCENT SENIS’AN AMO 0. 

0000 >ERCENT 

CHORO 



UPPER SURFACE LIMIT 




OELTAT a .629 SEC., T ■ 

251.020 SEC. 










SOLUTION FOR 

OESIGN C • 

.100000 















H 

0 

RTGHT 

-SIOE SOLUTION MATRIX 








■ ■ HI 1 1 1 1 II 1 III ■ 1 

.00710551 


-•0000? 70 6 

-o.oooooooo 

-.00166741 


Ml 1 H II H ■ 



.0C5Jan2 










LIFT- 

SIOE SOLJTION MATRIX 








1.28020C 

1 • 790 750 

.781789 

.009026 

.002818 

1.202142 

2.800802 

1.000000 

0.000000 

t. 000000 

•C26«3A 

i.TlZTSQ 


HMWW 


wmmm 

1.60792) 




■mm 

-• Cl t 339 
.791789 
-.C53225 . 

.51.7792 

1.596929 

.008262 

.005397 

.663101 

-.114343 

.946442 

0.000000 

t. 030000 

.009976 

.oon c 3 

. 0C8291 

.008262 

.'005397 

0.000000 

fi.OOOCOO 

.010045 

.011164 

• 018523 

1.000000 

0.800000 


■Frmn 

■ RHLM* 

— HIIIMB 

Miimii 

■■ IIMIII ■ 

— 1 1 1 1 1 L ■ 

— H II II 1 M 

1.090900 

-.CCC67J 

1.70211.2 

1.607929 

.663101 

.010048 

.002087 

1.186749 

2.545674 

.995733 

0.000000 

0.000000 

. Cft^736 










7. occur? 
-.coca?? 

5.490368 

-. 114543 

.011364 

-.000106 

2.545674 

11. 380982 

1.327850 

0.000000 

0.090000 

l.ccccrc 

1.062664 

.946442 

.018523 

.004847 

.995733 

1.327850 

0.000000 

0.000000 

0.000000 

o.cocceo 
0. C090C0 
O.CtCCCO 

o.ccocco 

C.OOOOCO 

1.000000 

0.000000 

o.ccoooo 

o.oocooo 

o.ococoo 

o.cooooo 

8.000000 

O.CQCCCO 

c. cococo 

o.ocococ 

0.6CG990 

0.000000 

l.oobobo - " 

0.000000 



o.ooooob 


. C 2 S9 3 9 

-.011339 

-.053225 

. 001353 

-.000678 

.068736 

-.004527 

0.000000 

0.000000 

0.030000 

0.000000 










DFTERHTN1NT 

OF LHS = 

. CC 0 097C80 S 

9.7080 37E 

-05 





TEST OF SOLJTION ACIURACT BT MULTIPLICATION OF S3UARE MATRIX 

BT SOLJTION S 

OLUHN MATRIX 





THE PRODUCT. 








-2.0357E-03 -? 

.1C55E-03 

-2.193CE-03 - 

2 . 79 61E-0 5 

-3.4694E-18 

-1.6674E-03 

-1.9156E-03 

9.1934E-02 

1.0000E»00 

1.0003E4Q0 

S.3H9E-03 











A 

I 

C-L 

I 








c 

M 

K 









Q 

£ I 

•1 2 

3 

4 

5 

6 

7 



•C1S0C0 ,368105 -. 

083339 -.004408 .029002 .020149 

.005272 

.129716 

.001608 



CL ANO CO FROM ALGEBRAIC COMBINATION 

OF LOAOINGS 

ARE 

. lOOOOQOOO 

.003681050 



MINIMUM OF (C 


- C » = 

-.0253 

AT 70.0000 

PERCENT SiNIS’AN AND 0 

.0000 PERCENT 

CHORD 



p p 

UPPER SURFACE LlilT 




SOL JT ION FOR OESIGN C * .100000 

L 


HIM 1 CONSTRAINTS) ON PRESSURE 
MITN C CONSTRAINEO.TO .015000 

a 

o 


RIG 

HT-SIOE SOLUTION MATRIX 








-.0020 3567 

-.00210551 -.00219299 

-.00002 70 6 

-0.00000000 

-.00166741 

-.00193557 

.09193415 

.26263950 

1.00080000 

lattice cot 

.005 30192 : : 








left-sioe solution natri< 








1.28C2C0 

1.790750 .781783 

.009026 • 

.002818 

1.202142 

2.800802 

t.ooaooo 

1*000000 

0.000000 

0. GO 00 00 

.025835 








1.79C75C 

3.091339 .542792 

.008291 

.003043 

1.607929 

5.490368 

1.062664 

0.000000 

0.0)0000 

O.GOCGCO _ 

-.011339 








• 78 1 7 59 

.542792 1.505529 

.008262 

.005397 . 

.6631)1 

-.114543 

.946462 

2.100000 

0.000000 

c.coooro 

-.053225 








• C C °0 25 

.G?"291 .008262 

0.000000 

0.000000 

.010048 

.011364 

.016523 

.045053 

1.000000 

c.tococo 

.0L1353 








.007818 

.0G3C43 .005397 

o.oooaoo 

a.ooocco 

.002097 

-.000106 

;004847 

o.oooaoo 

0.000000 

l.CCCCCC _ 

-. 000678 



9 





1.202142 

1.607429 .653101 

.010048 

.002087 

1.186749 

2.545574 

.995733 

2.500000 

0.0)0900' 

o.ccccco 

.068736 








?. 8 ccir 2 

5.490358 -.114543 

.011164 

-.000105 

2.545674 

11.380)82 

1.327650 

0.000000 

0.000)00 

0. C3 03 CO 

-.GG4827 








l.ccoco 

1.062664 .946442 

.018523 

.004847 

.395713 

1.327950 

0.000000 

0.000000 

0.0)0000 

C.CC-j£»3 - 

c.occcco 








l.CCJHO 

O.GCCCOO 2.100300 

.045059 

o.otcooo 

2.5000)0 

u.ocoooo 

O.OGOOOO 

0.000000 

. 0.030000 

C.COCSCG 

C.CCCIOC 








•e.ccjpoo 

c.cccrcc o.occocc 

1.CC00G0 

' O.CCCCCO ' 

0.000030 

G. 000000 

0.000000 

0.000000 

0.030)00 

C . 0 0 C 0 C 0 

G.OCOCCC 








O.CODOCO 

0.00C0C0 0.000000 

0.000000 

1.000000 

0.000000 

0.000000 

0.000000 

0.000000 

0.090000 

2. C0C3 n 3 

O.O0OCOC 








.025815 

-.011339 -.053225 

.001353 

-.000679 

.068735 

-.004827 

O.QOGOOQ 

o.oooaoo 

0.0)00)0 

c. cococo 

0 . c coc.cc 








OET£tflINANT OF IHS » -*016601415 « 

- 1. 660 141E-02 





TFST OF SCLJTIQN ACCURACY 07 NULTIPLICA T ION OF SQUARE MATRIX 97 SQUTION 1 

30LUNN MATRIX 




THE FOLLOWING TABLE IS THE PROOJCT. 








-2.C357E-G1 _ 

-2il0SS£-01 -2.1330E-C3 -2.7061S-C5 

-3.2526E-19 

-1.6674E-0 3 

-1.9J56E-03 

9.1934E-02 

2.6266E-01 

1.000)E»00 

l.C0C0E»00 

5.36196-03 









A C-L 








c 

H 

I I 
K 








0 

E 1*1 2 

3 

4 

5 

6 

7 



.015000 

•369423 .00 4296 -.027821 .014213 .020149 

.005272 

.079992 

.003899 



CL ANT CO 

FRON ALGEBRAIC COHO I NAT I ON 

OF LOADINGS 

ARE 

.10000000) 

.003694229 




p 


MINIMUM OF <C 

P 

jpp£a_sia£A£L 


w fiir 


.0051 AT 70.0000 PERCENT 


CAMBER SURFACES WILL 3E CALCULATE] FOR OPTION FLAGS GREATER THAN 1. 
THE OPTION FLAGS ARE 1113 
MING DESIGN 7 _ LOADINGS INCLUDING FJSELAGE ANO NACELLE LOADS 


CAMBER SJRFACE CORRESPONDING TO OPTION 4 1 

NING OESIGN 7 

LOAOINGS INCLUDING 

FUSELAGE ANO 

NACELLE LOADS 


SPANMISE 

OISTRI3 JT ION OF SE 

CTIOH DRAG. 

LIFT, ANO. PITCHING MOMENT 

T 



SifiSITITI’BBf 



• •* • . 

c ■ 

c 

c. 

B/2 

CHORD 

O 

L 

M 

e.ccccico 

183. A8440CQ , 

.0120815 

.0628434 

*.0386852 

.C5500CU 

172.CG87010 

.0058188 ' 

.0673265 

*.0486681 

P— Ulllll 

■nun rerr— ■ 

■ii i ini 

1WIIU11 1 


. 2 rcucc 

136.3933123 

.0034472 

.0820059 

-.0917101 

.3C0CCC0 

113.9394744 

.0023880 

- .090 310 3 

-.136819) 

11 Mil II 

Hill II III II 




.sccccco 

72.1611317 

.0013754 

.1095467 

-.3116996 

.6000000 

54.1; 21 463 7 

-.0003815 • 

. 1189613 

-.4874020 



H" 1 1 

.1286438 

8519349 

.8CCCIC0 

27.3627760 ; 

.0021708 

.1295006 

-1.1679725 

.9COCOCO 

20 .9038380 

.0049164 ' 

.1314056 

-1.6100835 

pm— ■ iiiiiiiiji 


■iiiiili — 


^2.2519781 


OELTAT * 


. 445 SEC., T • 251.0)6 SEC 





00 




TAnL 

E OF INfERPOLATFO ORDINATES FROM DESIGN PROGRAM 

»73. PER CENT) 



XPCT 

C.OO 
90. 00 

5.0C 

inn .no 

10.00 

f 

20.00 30.00 

40.00 

50.00 

50.00 

70.00 

50.00 

V/R/2 

o.ccoo 

c.ooooa 

-14. 70195 

-.74415 

-15.29110 

-2.02164 

4.49123 -6.69671 

-6.52011 

-10.26533 

-11.71095 

•12.91591 

•13.31193 

.0506 

c.ooooa 
-7. of>569 

-.12104 

-8.14319 

-.55773 

1.62639 -2.71841 

-3.75694 

-4. 72442 

-5.60392 

-6.39106 

•7.97370 

• ICO G 

c.cccoo 

-5.5*244 

. • C 8 95 1 
-6.10764 

-.16497 

-.90010 -1.69577 

-2.1*6856 

O' 24699 

-3.95045 

-6.59753 

•5.17604 

.2000 

O.OCiOO 
-4. 5C 17 3 

.08960 

-4.44170 

-.05979 

-.53553 -1.11977 

•1.72420 

-2. 33148 

•2.92150 

-3.46475 

•6.01423 

.3000 

c. cceoc 

-3.26116 

.28145 

-3.66767 

.27214 

-.03541 -.44740 

-.90790 

-1.38670 

-1.07000 

-2.34726 

-2.00049 

.6000 

0.00000 
-2,2 1968 

.14636 

-2.66108 

.25281 

.11749 -.14006 

-.46416 

-.61474 

-1.10030 

-1.55546 

•1.32336 

.5030 

c.ooccc 

-1.74222 

.32523 

-2.11346 

.50831 

.45809 .23498 

-.02783 

-.33226 

-.67016 

-1.02147 

•1.37736 

.6000 

0 . coooo 
-.03042 

• C 1 648 

-.nii9 

'<*3040 

.64226 .70362 

.55600 

.57624 

.43855 

.30112 

.14102 

.7000 

t. 00000 
1.42270 

.31783 

1.43728 

.58652 

.97647 1.14175 

1.21063 

1.27495 

1.33560 

1.35706 

1.39702 

.8000 

C.OOCCC 

-1.10801 

-.45395 

-1.14500 

-. 78653 

-.95695 -.95250 

-.34417 

-.99340 

-1.03260 

-1.06004 

-1.37070 

.9000 

c.oocoo 

-3.26C27 

-.30111 

•3.48038 

-.58965 

1.12746 -1.64316 

-2.05742 

-2.29615 

-2.5245S 

-2.77999 

-3.32601 

l.CCflO 

C. 0 c c c‘c 
-. 15C 76 

-.19035 

.13814 

-.35730 

-.62100 -.79111 

-.85722 

-.60039 

-.70049 

-.56195 

-.10412 

PUNCHED 030INATES HAVE 9 FEN R 
AM IMAGE DF THE PUNCHED OEC< 

EQJESTEO. C90RDMISE AND SPANMISE LO 
FOLLOHS. 

CATIONS OF 

OROINATES ARE 

PUNCHED FIRST. 


MING DESIGN 7 LOADINGS INOIUOINS 

0.90C 5.00C 10.000 20.000 30.000 

qo.etnoa.ort 

FUSELAGE AND NACELLE LOAOS 
40.000 50.000 50.000 70.000 80.000 

OPTION 4 





O.OCC 5 
SC.CC0100 

c.otc - 

030 10.000 

oco 

744 -2.022 

20.600 30.000 
-4.491 -6.637 

40.000 50.000 60.000 70.000 80.000 
-8.620-10.26S-11.711-12.916-13.911 






-14.7C2-1S 

c.eco - 

-7.666 -8 

291 

121 -.558 

JJiJ 

-1.626 -2.718 

-3.759 -4.724 

-5.604 -6.391 -7.060 






O.OCC 

040 -.165 

-.900 -1.636 

-2.489 -3.245 

-3.950 -4.596 -5.177 







-5.662 -6.118 



-4.5C2 -<..91.2 

O.CCO .2*1 .272 -.035 -.(,<.7 -.90S -1.359 -1.S70 -2.397 -2. SOS 


O.COC .146 
-2.3CC -2.661 


•1.742 -2.113 
C.CCC .016 


.253 .117 -.140 -.464 -.815 -1.1S0 -1.555 -1.929 

2 -.670 -1.021 -1.378 


.430 .642 .704 .656 .575 .439 .301 .142 



PROGRAM CONTROL CARD 
HGUP 

NPTS-- -TAP 


EXIT INPTS 

ENTER WR5EOH MRITE CE04ETRT ON TAPE 




UPQATEO MINS DEFINITION 

KINS CAN9ER SURFACE READ INTO BASIC GE04ETR7 










Oj 

o 


t 


9 999 

9999 

9999 

9999 9999 

MING •••• 

9999 

9999 9999. 

9999 




REF* ■ 9898.0000 

CBAR « 106.4100 

XBARIN • 

isr.oooo 




<0 

yo 

> 76.590 C 

= 4.7570.. 

xo 

YO 

• 83. 1040 

» 6.62 50 

XO 

10 

■ 93.1650 

■ 9.5100 


20 

* 0.3000 

20 

■ 0.0000 

zo 

* 0.0000 


CHORD 

* 165.8300 

CHORO 

» 160.1330 

CHORD 

> 149.7900 

PERCENT 

CAMBER 

MALF-THIDKNESS 

CAMBER 

HALF-THICKNESS 

CANBER 

HALF-THICKNESS 

CHORO 

(21 

UPPER 

LOWER 

(21 

UPPER 

LD4ER 

(Z> 

JPPER 

LD4ER 

n.n 

0.00(0 

G ■ CQQQ 

0.0003 

D.QGOQ 

. 0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

2.5 

-.0257 

. 573 3 

.5700 

.0717 

.570 C 

. 5700 

.0671 

.5500 

• 5500 

5. C 

-.0510 

.7140 

.7140 

.1433 

.7140 

.7140 

.1341 

.7120 

.7120 

10.0 

-.6399 

. 8723 

.8720 

-.2642 

.8720 

.8720 

-.1046 

.8720 

.8720 

20.0 

-2.1585 

1.0500 

1.0500 

-1.4414 

1.0500 

1.0500 

•1.1310 

1.0540 

1.0540 

30.0 

-3. 7015 

1. 1450 

1.1450 

-2.7155 

1.1450 

1.1450 

•2.1981 

1.1560 

1.1560 

*S.t 

-5.7742 

2CC& ... 

1.20(0 

-3.9850 

1.2000 

1.2000 

-3.2737 

1.2130 

1.2130 

5C.0 

-6.71C7 

1.2330 

1.23(0 

-5.1963 

1.2300 

1.2300 

-4.3183 

1.2350 

1.2350 

6C.3 

-8.C3C7 

1.2490 

1.2490 

-6.3260 

1.2490 

1.2490 

•5.33 64 

1.2370 

1.2370 

20.0 

^J.223’ 

_i.j?a9 

1.1700 

-7.3623 

1. 1700 

1.1700 

•6.2260 

1.1270 

1.1270 

00.0 

-1C.27E6 

. 9373 

.9373 

-8.2898 

.9370 

. 9370 

•7. 0641 

.8830 

.0830 

90.0 

-11.1799 

.5460 

.5460 

-9.0995 

.5460 

• 

-7.8107 

.50 70 

.5070 

ico.s 

-11.3260 

C.GCCD 

t.cooo 

-9.7803 

0.0000 

0.0000 


0.0000 

0 . CO DO 


<3 

• 116.9600 

XO 

• 160.9800 

XO 

« 225.8100 


ID 

s 16.3330 

10 

* 31.2500 

TO 

» 47.5440 


20 

• c.aocc 

20 

« C.0000 

ZO 

■ 0.0000 


CHORD 

= 125.350C 

CHORO 

« 77.2950 

CHORO 

» 32.6810 

PERCENT 

CAMBER 

MALF-HIC KNESS 

CAMOER 

HALF-THICKNESS 

CAMBER 

HALF-THICKNESS 

CHORO 

(21 

JPPER 

LOWER 

(2) 

JPPER 

LOWER 

(Z) 

JPPER 

LOWER 

0.0 

0.0000 

G.003C 

C.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0005 ~ 

2.5 

.1073 

.5500 

.5500 

.1033 

.5700 

.5700 

.0360 

. 5000 

.5000 

5.0 

• 21«.5 

.71f0 

.7150 

.20 66 

.7270 

. 7270 

.0720 

.7290 

.7290 

10.0 

.10(7 

. 8760 

.8760 

.3293 

.9020 

.9020 

.1353 

.9119 

.9110 

20.0 

t.4093 

1. 1260 

1.1260 

.2678 

1.0980 

1.0980 

.2423 

1.1340 

1.1340 

30.0 

-1.0538 

1.1740 

1.1740 

.0849 

1.2200 

1.2200 

.2909 

1.2680 

1.2600 

<•0.0 

-1.7387 

1.2350 

1.2350 

-.1361 

1.2890 

1.2890 

.3122 

1.3430 

1.3430 

5C.0 

-2.4365 

1. 2500 

1.25C0 

-.3854 

1.3150 

1.1150 

.3280 

1.3750 

1.3750 

*c.c 

... 

1.2290 

1.2290 

-.6560 

1.2620 

1.2620 

.3448 

1.3200 

1.3200 

70.0 

-3.7857 

1.0870 

1.C870 

-.9361 

1.1050 

1.1050 

.3510 

1.1550 

1.1550 

80.0 

-4.4164 

. 8400 

• 64 C 0 

-1.2186 

.8420 

.8420 

.3614 

.8800 

.8800 

9C.0 

-5.0065 

.4740 

.4740 

-1.5041 

.4730 

.4730 

.3669 

.4950 

.4950 

100.0 

-5.5483 

O.CCOO 

C.0000 

-1.7908 

O.COCC 

0.0000 

.3694 

0.0000 

0.0000 




PERCENT CAH91R HAIF-T-UCKNESS CAMBER MALF-THtCKN- 5S 



100.0 ' .3691 0.0003 C.CCC9 .0200 0.0000 0.0000 


















u> 

N> 



« 

Y 

z 

' CHORD ' 

AUX. CHORD 


XLE 

XTE 

AUX XIE 

1 

V6V59C0 

o.cooo 

0.0000 ‘ 

1 165.0300 1 

• 166.8300 

0 

76.5900 

243. 4200 

243.4200 

2 

3 

}*6k59C'0 

,Hii,c4'a 

‘8.7570 

h.f >«>n 

o • u o c b 
.... iu.ca&ii 

165.0330 
150 .1130 . 

166.0300 
16C.133r 

1 

2 

76.5900 

75.5400 

243.4200 

243.4200.__, 

24 J. 4200 
243.4200 


'116.96CC 

220 .oicc 

225. .11CC 


<•7.5440 

47.5.50 


0.0000 

0.Q0C0 


125.3500 
— ZZ.-2AHL 
32.0410 
32.6310 


125.3500 
_ZL.i9.5JJ_ 
32.6010 
32.6010 
14. 445C_ 


03.1040 243.2370 243.2370 

_li.JJ7aa 2.41,0 75.1 2.41, 0 75l_ 

94.6559 242.3146 242.3146 

100.4320 242.7500 242.7300 

103. 2001 242.60 14 24 2.5014 

111.9343 242.4449 242.4449 

117.7603 242.3710 242.3710 

12 3.5362 2 42.0112 242.0 11 2_ 

129.3120 243.2515 243.2515 

1J5.0070 243.6917 243.6917 

140.0637 244.13 20 244. 13 20 

145.6335 >44.5722 244.5722 

152.4153 245.0124 245.0124 

_1>S. 13J2 245.4527 245.4527_ 

153.9570 >45.0929 245.0929 

159.7430 246.4390 246.4390 

175.5196 >47,6007 247.60 07 

131.2962 ><,0.9225 240.9225 

137.0729 250.1642 250.1642 

192.0 495 251.405 9 1 251.4059 

190.6262 252.6477 252^6477 

230.4026 253.0094 253.8094 

213.1795 >55.1 311 255.13 1J_ 

215.9561 >56.3728 256.3720 

221.7320 257.6146 257.6146 

_225. 6523 >58.0592 250. 05 92_ 

229. 5211 260.1134 260^1134 

232.3900 261.3675 261.3675 

235.2509 262.6217 262.62 17 

233.1270 263.0759 263.0759 

240.9967 265.1300 265.1300 

2 43. 8 656 266.1042 266^3042 

246.7345 267.638] 267.5303 

249.6033 268.0925 260.0925 

252,4722 270.1467 270.1457 

255.3411 271.4000 271.4000 

250.21CD 272.6550 272.6550 


HORIZONTAL TAIL PLANFORH 
V Z 


2.C000 *14.0000 


25.COOO 


260.3009 

_2£I*3UI_ 

266.2770 

269.2222 

272,1667 

275.1111 

270.0556 


285.0000 
_2.35tJ0.08_ 

206.0000 
286.0000 
286.0000 
286.0000 
206.0000 



FUSEL A 

5£ OEFINITIO'I 


X 

RAQ 

AREA 

I 

o.oooco 

O.OOOCO 

0 .00000 

10.00000 

16.67CC0 

2. 13501 

23.50000 

9. 55000 

J3.33CC0 

4. 278 18 

57.50CCC 

7.10000 

50.00000 

5. 32255 

99 • CCCiG 

5.64000 

66.67000 

f . 1C2S4 

117.000CQ 

4.17000 

81.33GCC 

6. 3 33JM 

126.00000 

2.73000 

lOO.CCOCt 

6.17523 

119.90000 

1.290C0 

116.67000 

5. 86323 

U9.COOOO 

-.14000 

133.33000 

5.75122 

105.00000 

-1.50000 

1 50 .OCCCO 

5.436C2 

107.00000 

-3.04000 

166.6f>OCO 

5. 93602 

107.00000 

-4.50C00 

173.33CCC 

e , aces^ 

105.00000 

-5.90000 

zco.ctccc 

5.59904 

IC2.COCCO 

-7.40CC0 

216.670CC 

5.47002 

94.0C000 

-6.95000 

233,13000 

5.01463 

79.00000 

-10.25000 

zfo.crccc 

4.33362 

59.CC0CC 

•11.70000 

206.67000 

3. 24102 

33.00000 

•13.20000 

203. 30000 

1.59577 

liUW 

-14.60000 

295-OCOOC 

c. cocao 

0.00000 

-15.70C00 


.msELLE-fiEa^&r. 


ORIGIN 

(X.r.ZI 


* 

RADIUS 

ARE* 

213.42000 

16.33000 

•5. 60000 

0.00000 

2.06500 

25.76696 




2.00800 

2.98300 

27.95965 




15.47000 

3. 63300 

41.46500 




21.52500 

3. 77000 

44.65125 




28.01700 

3.65400 

41.945 75 




32.06700 

3.47000 

36.74541 




35 • 0400 G 

3.47000 

36.74541 

ORIGIN 

».r.z> 


X 

RADIJS 

AREA 

219.67000 

31.25090 

•4.90000 

0.00000 

2.86500 

25.70696 




2.00800 

2.98300 

27.95485 




15.47000 

3.63300 

41 .4 65 CO 




21.52500 

3.77000 

44.65125 




28.01700 

3.65400 

41.94575 




32.06700 

3.42000 

36.74541 




35.04000 

3.47000 

36.74541 



T A9LE Of INPUT I/C ORDINATES 


XPCT 

HKncni 

5.00 

ion. oo 

10.00 

20.00 

30.00 

40.03 

50.00 

50.00 

70.00 

SO. 00 


r/ 8/2 

c.cooa 

0.00000 

-14.70190 

-.74415 
-15. 29110 

•2.02164 

-4.49121 

-6.69671 

-8.52G11 

-10.28513 

-11.71095 

-12.31591 

-13.91093 


• c5on 

C.QOCCC 

-7,66569 

-.12104 

-0.14319 

-.55773 

•1.62639 

-2.71841 

•3.75834 

-4.72442 

•5.60392 

•6.3910b 

-7.07976 


• 1COO 

c.occcc 

-5.66244 

•C6951 
-6. 1C 764 

-.16497 

-.900 10 

-1.69577 

-2.48856 

-3.24499 

-3.95345 

-4.59753 

-S. 17664 


.2000 

C. 00000 
-4.50173 

.00950 

-4.94170 

-.05973 

-.53553 

-1.11977 

-1.72420 

-2. 33148 

•2.92150 

-3.40475 

•4.01423 


• 3CSC 

C.CCOCl 
-3. 25116 

.20145 

-3.65767 

.27214 

-.03541 

-.44740 

-.30790 

-1.38870 

*1.87000 

-2.34726 

-2.80649 


.4000 

C.C0CC3 

-2.29960 

.14636 

-2.66100 

.25281 

.11749 

-.14006 

-.45438 

-.81474 

•1.18030 

-1.55544 

-1.92936 


.5000 

C.GOGliu 

-1.74222 

.32522 

-2.11346 

.50851 

.45809 

.23498 

wm 

-.33224 

-.57014 

■mu 

immi 


.►000 

C. uCCOfl 

-.03042 

• Qt6‘»a 
-.21119 

.43040 

.64228 

.70362 

.65600 

.57824 

.43655 

.30112 

.14182 


.7C00 

o.cocgo 

1. 42270 

.31703 

1.43720 

.58652 

.97647 

1.14175 

1.21053 

1. 27495 

1.33560 

1.35706 

1.39782 


.0000 

C. 00000 
-1.10001 

-.45395 

-1.14500 

-.78663 

-.95695 

-.96250 

-.34417 

-.99346 

•1.33268 

-1.04004 

•1. 0 70 76 


• 9003 

C.OOOOQ 

-3.26027 

-. 30131 
-3.48C30 

-.58955 

-1.12748 

-1.64316 

-2.05742 

-2.29615 


-2.77999 

-3.32661 


l.CCOfl 

D 

c.oococ 
-. 15076 

-.19035 

.13814 

-.35730 

-.62100 

-.79111 

-.85722 

-.60039 

-.70049 

-.56195 

-.38412 




WING-FUSELAGE 

INTERSECTION 


CHORD 

X 

Y 

2 

lUiLC 


4. 7800 

0*0000 

5. CO 

64.9*1* 

4. 7600 

-.0511 

10.00 

93.2824 

4.7S00 

-.6393 V 

wntH 

B5v itltlilluvn 

4 . 760 C 

-2.1575 

30. ec 

12S.646? 

4. 7600 

-3.7400 

4C.CQ 

143.373? 

4.7500 

-5.2721 

5D. C0 

16C.C101 

4. 7500 

-6.7C83 

60. CO 

176.G92C 

4.7500 

-8.0280 

70. CC 

193.3739 

4. 7500 

-9.2202 


210.0559 

4.7600 

-10.2724 

90.00 

226.7379 

4.7600 

-11.1766 - 

ICC. CO 

243.4197 

4.7600 

-11.9226 














fliS£LA££_UPHft Srt A CTING AM HIN? flf AL^HA* 0»0tt-Q£6i 




XPCT 

c.oo 

10.00 

20.00 

30.00 

40.00 

50 . 00 . 

60.00 

70.00 

80.00 

90.00 

100.00 

V / 9/2 













- 3 . 6*5 

- 2.401 


- 1.471 





- 1.411 


-.266 

• C 25 

- 3.685 

- 2.501 

- 1.451 

- 1.471 

- 2.078 

- 2.210 

- 1.935 

- 1.653 

- 1.411 

-.950 

-.266 

.CSC 

1.723 

3 . ISO 

4 . S 47 

4.596 

4.093 

4.642 

6.617 

5.302 

5.792 

5.042 

5.719 

.crs 

■RVW 

3.916 


— w 

4.784 



mmm 



3-173 

.ICC 

2 . 4 C 4 

3.503 

jgg | 

3.701 

3.623 

3.753 

3.812 

3.768 

3.756 

3.251 

2.507 

.125 

2 . C 66 

2.650 

2.594 

2.517 

2.437 

2.454 

2.466 

2.336 

2.345 

2.031 

1.545 

• 15 f 

1.653 

■HTtV 

1.915 


1.705 

1.695 

1.691 

1.565 

1.581 

1.394 

1.073 

.175 

1.303 

1.478 

1.391 

1.279 

1.242 

1.229 

1.230 

l.ne 

1.128 

1.010 

. 0 C 6 

• 20 C 

1.057 

1.133 

1.047 

• 959 

.937 

.926 

.933 

.853 

.6 30 

.767 

.631 

.250 

• 7 CS 

.709 

.533 

• 584 

.581 

.581 

.571 

.545 

.505 

.499 

.432 

.390 

.501 

.473 

.40 

.384 

.391 

.393 

.392 

.379 

.349 

.333 

.312 

.350 

.365 

.332 

.271 

.269 

.260 

.266 

.287 

.262 

.263 

.244 

. 23 ) 

HHIOSI 

.267 


.197 

.197 

.208 

.213 

.221 

.215 

.208 

.195 

.182 

.550 

.201 

.ISO 

.147 

.150 

.160 

.164 

.172 

.173 

.169 

.161 

.152 

.500 

.155 

.135 

.113 

.116 

.125 

.130 

.137 

.142 

.139 

.136 

.129 


■mi 

mmm 

.011 

■HRS 

.100 

.105 

.110 

.116 

.116 

.113 

.110 

.600 

.0 91 

■ .072 

.070 

.074 

.060 

.085 

. 08 ) 

.096 

. 09 ) 

.097 

.095 

.700 

.055 

.046 

• cws 

.051 

.055 

.059 

.061 

.063 

.066 

.069 

.072 


.060 

.033 



.035 

. 037 . 

.040 

.043 

.045 

.047 

.046 

• 900 

.038 

.036 

.032 

.028 

.023 

.022 

.026 

.025 

.026 

.020 

.030 

l.ccr 

.0 36 

.033 

.032 

.030 

.029 

.026 

.025 

.023 

.020 

.018 

.015 


u> 







































7U5ELAGE UPWASH ACTING OH TOIL AT ALPHA* 0.00 PEG. 


K°CT 

0.00 

10.00 

20.00 

30.00 

40.00 

50.00 

60.03 

20.00 

88.00 

90.80 

180.88 

Y/a/e 












B.00<> 

1.651 

2.019 

14.229 

22.134 

20.658 

30.349 

26.534 



l.DQB 


.too 

1.653 

2.019 

16.229 

22.134 

28.658 

30.349 

26.534 

12.932 

8.322 

1.008 

-3.096 

.zoo 

9.126 

10.402 

11.603 

11.612 

11.156 

9.663 

2.906 

5.900 

3.921 

2.106 

.511 

HRIK 

5.059 

6.819 

6.594 

6.155 

5.562 

4.886 

3.926 

3.042 


Inufl 


.<.00 

6.554 

4.332 

4.055 

3.^23 

3.339 

2.930 

2.521 

2.016 

1.533 

1.113 

.723 

.500 


2.921 


2.493 

2.250 

1.996 

1.243 

1.698 

1.202 

.926 

.666 



2.082 


1.292 

1.639 

1.425 

1.310 

1.169 

.995 

.821 


• zee 

1.636 

1.558 

1.46! 

1.359 

1.255 

1.152 

1.043 

.933 

.822 

.221 

.620 

.see 

1.2 56 

1*201 

1.145 

1.025 

1.003 

.932 

.661 

.289 

.215 

.638 

.562 

,9C0 

.992 

.954 

.915 

.025 

.020 

.229 

. .230 

.682 

.631 

.582 

.530 

l.OOt 

.292 

.226 

.253 

.223 

.696 

.668 

.634 

.601 

.562 

.533 

.508 




IN09EHEHTAL PJSELAGE UPHASH 

OH TAIL 

PER 3EGR-5 

alpha 




xpct 

SU4L5 

10.00 


30.00 

40.00 

50.00 

60.00 

20.00 

80.00 

90.08 

100.00 


V/B/2 


O.OCC 

-.892 

.078 

1.526 

3.321 

5.025 

5.899 

5.566 

4.143 

2.669 

1.163 

.356 

■ 100 


.0 78 




5.899 



2.469 

1.163 

.356 

.200 

1.228 

1.919 

1.803 

1.970 

2.016 
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5700000 

.09563 

128.769 

.53651 

.19939 

0.00000 

0.00000 

.19939 

.10802 

0.00000 

.10602 

132.923 

.9505 3 

.16395 

0.00000 

0.00000 

.16395 

.12300 

0.00000 

.12300 

™ 1777577 

.46467 

• 10 id 6 

u . o u u u u 

~ 0755550 ' 

” .13328 

. 1 JO =t 

5700009 

ino<oi 

191.231 

. 97375 

. 20 33 3 

0. 00000 

0.00000 

.20388 

.15992 

0.00000 

.15992 

14 5. 3 o5 

.93263 

. 22572 

0.00000 

0.00000 

.22572 

.17186 

0.00000 

.17186 

1*9.539 

‘ 75 065i 

• £4625 

5711001 

0.00000 

•£4625 

.13019 nj. 00000" 

.15315 

153.693 

.520 99 

.27119 

0.00000 

0.00000 

.27119 

.20877. 

0.00000 

.20877 

157. o<.b 

.53507 

.29937 

0.00000 

0.00000 

.25937 

.22011 

0.00000 

.22811 

162. D00 

759TT5 

m 41044 

d • 0 U U U U 

■”1715050 ‘ 

. 3IOU4 

" .24921 

5755009 

775971 

166. 159 

.56323 

.39275 

0.00000 

0.00000 

.39275 

.27069 

0.00000 

.27669 

170.309 

.57732 

.36791 

0.00000 

0.00000 

.36791 

• 2 9246 

0.00000 

.29296 

17*. 562 

.51193 

735325 

U • 0 QuQO 0 • 0 Quu D 

• J5J24 

7315 63 — 

0 7 D 0 0 0 O' 

731563 

173.616 

.60593 

.91971 

0.00000 

0.00000 

.91971 

.33381 

0.00000 

.33481 

132. 770 

.61956 

.99698 

0*00000 

0.00000 

.99698 

.36925 

0.00000 

.36925 

““ 136 7523 ■ 

■ 63 J64 

* 757127 

U.UUUUU 

07 0 5550 

797322 

.J631I ” 

5755555 ' 

" 7T55TT — 

191.077 

. 69 772 

.500 69 

o.oaoio 

o.ooaoo 

• 5QQo*t 

.91509 

0.00000 

.91609 

195.231 

.66180 

.52788 

0.00000 

0.00000 

.52788 

.99323 

0.00000 

.99323 

. 199.335 

• 673 8o 

• 65»491 

0700000 

0.00000 

.55991 

757056 — 

— 0700000 

.97056 

203.539 

.68196 

.58211 

0.00000 

0.00000 

.58211 

.99366 

0.00000 

.99906 

207.693 

• 70>*04 

.60936 

0.00000 

0.00000 

.60936 

.52875 

0.00000 

.52875 

211. c97 

~ 77ToT2 

•bJbll 

0710050 

~ 5710100 

• b Jb 1 1 


— 0.53050 

755 3 57 

216.000 

.73220 

.66230 

0.0 0000 

0. 00000 

.66230 

.50821 

O.OOOCO 

.58621 



220.15% 

.79 29 

.£<676 

.00056 

0.00000 

•68932 

.62005 

0.00000 

.62005 

22%. J6I1 
226. %62 
232.616 

' .760 3 7 

. 77%%5 
.78051 

’ .71901 

.79076 
.76765 

— Tmmrz — 

.01935 

.03167 

3733333 
0.00000 
0. 00000 

“ 777133 

.76011 
.79952 

7352TB 

.6»5a6 

.72395 

3733333 

0.00000 

0.00000 

. 65230 
.66586 
.72395 

23o.773 

290.929 

295.077 

.80261 
«al >6 3 
.810 77 

779575 
.62958 
. 05215 

73V562 

.05617 

.06299 

0733000 
0.0QQQ0 
0.0 00 00 

755136 

.6607% 

.61519 

.76506 0.00000 

.80906 o.oooaa 

.8alla 0.00000 

. 769 07 
.60906 
.85116 

2977231 

201.365 

257.519 

• 0<»<»65 

• b5 o 9 i 

• 07101 

TB7V7T - 

.09572 

•91367 

‘ •OfeVoT 

• Ooobb 
• 0 6o2 1 

0733300 

0.00000 

0.00000 

793952 

.96238 

•5elo6 

733592 

.91853 

.99930 

UTDOOOO 

0.00000 

0.00000 

• 80992 
.91851 
.69930 

261.693 

265.697 

270.001 

. Bo7 U i 
.50110 

. 11526 

.52633 

.93971 
. 53723 

706378 

. 0 bo76 
. 0 6a 7 8 

3.00000 

0.00000 

6.00000 

.99575 

1.00399 

1.00601 

.97531 

.99331 

1.00120 

0.00000 

o.ooooo 

0.00000 

• 975 31 
.99381 
1.00320 

” 279.19% 

27a. 300 
262.962 

7927T5 

.99192 

.95750 

.93021 

.93983 

.93358 

735373 

.06876 

.06o76 

0 . 0 DO DO 
0.00000 
0.00000 

I737V39 

1.00361 

1.00236 

■ 1 . 0 U 3 a 2 

1.00258 
1.00165 

11 • U U 0 u u 
0.00000 
0.00000 

1 • DU 3 b2 

1.00258 

1.001b5 

286.616 

290.770 

299.62% 

.9715a 

.90566 

.99979 

.93259 

.93101 

.93123 

.35378 

.06876 

.06676 

0.0 0000 
o.ooooo 
0.00000 

1T0 013 6 
1.00059 
1.00001 

TTO0395 

1.00090 

1.00001 

0.00000 

0.00000 

0.00000 

1.00095 

1.00090 

1.03001 

~ 295.000 


773T22 

" 735573 

0733333 

l.ODU'JD 

17033TB 

3730333 

1730330 



ANALYSIS OF DRAS-QUE-TO-LIFT M-2.7 


MA CM NUMBER 


i.rota 


H3RIZ3NT AL TAIL ALPHA* 2.000 



HORIZONTAL TAIL 

COEFFICIENTS BASES ON MIMS GEOMETRY 



PER DEGREE 


CL 

CO 

.002303 

.POPUP 

.001001 

.000017 


CH 

-.001815 -.000819 

FORCE COEFFICIENTS 


CAMBER 

FP AT 1 OEG 

NAC ON MING MINS ON NAC 

CO 

2. 801C 8G8BE-D 3 

5.G5886959E-04 

1.95422614E-04 1.5074742SE-04 

CL 

7.6773271GE-02 

2.89B51758E-02 

5.5C084455E-03 

CHX8AR 

2.S26J4517E-03 

-2.8968113CE-0 J 

-2. 430512B3E-0 3 


INTERFERENCE DRAG 

COEFFICIENTS 


FLAT MINS PRESSURES ON CAMBERED SURFACE 

CAMBERED WING 

PRESSURES 3M FLAT SURFACE 

CO • B.23941730E-04 

CO * 

1.33994693E-03 

NACELLE PRESSURES ON FLAT SURFACE 

FLAT NING 

PRESSURES ON NACELLE 


CO * 

4.41 J80312E-0S 
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POL** P/O 

NAC CO . 

.00 2601 .♦ 

.6746551 

CL - .0757731 

♦ .6321461 CL 

- .076771) 

•_iz 

polar pith 

RAC CO . 

.003147 A 

.0794901 

CL - .0622741 

♦ .6021461 CL 

- .0922741**2 



CAN3EREO MINS 


FLAT MING 



M/O NACELLES 

4 1 T9 


H/3 NAC 

WITH ^ AC 


CL 

CD 

CH 

CO 

CM 

CO 

so 


o.oc 

.SCC619 

.01020 

.003663 

.00632 

O.G9GOCO 

-.0003 09 



.000601 

.noq?o 

— INI 1 II 

.00732 

. 000 0 60 

.0001 34 


WBSmm 

.CGC5C4 

.00623 

.003532 

.00632 

.030241 

.000197 



.000627 

.00720 

.003637 

.00532 

.000542 

.000460 



.C0017C 


I^^KiTTTiTOl 

.00432 

.CQC 963 

•00(963 


.a? 

•0C1234 

. CC 520 

. 00 1209 

• 00332 

.031605 

.001406 


.06 

.00171* 

.00423 

.031675 

.00232 

.032169 

.002352 


•_ .or. .... 

. .00232 1 

.00320 . 

. CC 2262 

.00132 

.032951 

e_Sfl2?17 


• 3ft 

.0 33064 

.00220 

.002970 

.00032 

.033654 

.003702 


.09 

•CC3S94 

.03123 

.003797 

- . QCC66 

.034877 

.004736 


.10 



m MW 1 IIIU 1 

-.00166 

• C05C 21 

.005534 


• 11 

.006946 

-.00079 

• 0Q541W 

-.00258 

.037285 

.007381 


.1? 

.007153 

-.00179 

.00700 1 

-.00367 

.003671 

• 00 d ( *48 


... .13 

.006401 

-.00279 

.036311 

-.00467 

.010176 

.309935 


. 15 

.009926 

- . 0 C 379 

.039742 

-.00557 

.011802 

.011543 


.15 

.011497 

-.00479 

.011291 

-.00667 

.013548 

.013271 


.If, 




-.00767 

.015415 

.015120 


.17 

.014994 

-.00679 

.014755 

-.00867 

.017402 

.017389 


.10 

.016924 

-.03779 

• C 1 666S 

-.00967 

.019510 

.019179 


.19 

.016974 

-.00679 

.018699 

-.31067 

.021737 

.021369 


.20 

.021144 

-.00979 

.023651 

-.01167 

.024065 

.023720 


cnksar 

W/O NAC * 

.002526 -« 

.076773 -Clll -.0999411 

for cl = o. . 

CMXdAR > 

.010199 

CHXBAR 

WITH NAC . 

.000396 -t 

.062274 -CL) 1 -.0999411 

FOR CL > t. , 

CHXBAR * 

.606316 

PPOGRAH MINS «RE«> 

10665.9372 



■ 



REFERENCE AREA = 

9694.0003 
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CONFIGURATION STREANMSE LIFT DISTRIBUTION 





BASIC LIFT 

DISTRIBUTION 


INCREMENT PER OECREE 

ALPHA 

t 

XA 

W-B=C 

NIC 

I S1L 

— SDN 

H-tf- J 

nut 

SDN 

•..IS*. 

.01404 

. 00079 

0.00000 

0.00000 

.00075 

.00045 

0.00000 

.00045 

4.305 

.02416 

.00191 

0.00000 

0.00000 

.00151 

.00109 

0.00000 

.00109 

rr.vb7 

.04229 

" . U L 3 3 3 

onnnnnr- 

070 0X00 

7X0333 

.00140 

'070000 0 

”700X90 

lb. 619 

.09632 

. 00902 

0. 0 000 0 

0.00000 

.00502 

•00286 

0.00900 

.00246 

20.769 

.07040 

.00677 

0.00000 

0.00000 

.00677 

.00345 

0.00000 

.00365 

2VT923 

20 3749 

rxxoxx 

D.DOOOTJ— 

0700300 

40X83X 

70 0 4 8 7 

X. 03000 

• 00% 8/ 

29.077 

.09497 

• 01040 

0.00000 

0.00000 

•01040 

.00591 

0.00000 

.00591 

3J.2J1 

.11269 

.01220 

0.00000 

6.00000 

.01220 

.00592 

0.00000 

.00692 

T77755 

. 126 73 

.01394 

" unnnnro 

“ onnnnnj 

• t 1 J -j 6 

nnrrrz — • — 

TTrooron 

TO 07 92 

41,539 

. 14061 

.01573 

0.00000 

0.00000 

.01573 

.00439 

0.00000 

.00669 

49.692 

.1944 i 

.01750 

0.00000 

0.00000 

,01750 

.90946 

0.09000 

.00966 

49.646 

71 6 4 97 

— 4 x 1527 

07X0 OX X~ 

07 0 0000 

.01127 

.01X52 — 

X. 03000 

.010X2 

94.000 

, 16305 

.02049 

0.00000 

0.00000 

•02059 

.01177 

0.00000 

.01177 

94.194 

.19713 

.02250 

0.00000 

0.00000 

.02250 - 

.01266 

0.00000 

.01266 

bZ • 30 8 

.21121 

7X2370 

u.uuuOO 

0.30000 

.0237 0 " 

7X1341 

0.00000 

"7 01341 

bb . 462 

.22529 

•02466 

0.00000 

0*00300 

• C 2(»6 6 

.01,05 

0.00000 

.01405 

70,616 

.21937 

.02544 

0. 00000 

0.00000 

.02544 

.01456 

0.00000 

.01456 

74,769 

475346 

• U Z 6U 3 

X7XX8XS 

0.00000 

7X26X3 

• 0 1 % B 8 

X. 00000 

• 0l% 6 8 

76.623 

.24794 

.02690 

0.00000 

0.00000 

.02690 

•0136% 

0.00000 

.01564 

43.077 

.23162 

.02639 

0. 0 Ouo 0 

0.00000 

•02339 

.01707 

o.oaooa 

.01707 

87,231 

47T57X 

. 03112 '" 

OTTOXOTT' 

07X0X00 

7X3 rrz 

.01986 

XTOOOCfl 

7X1986 

91.389 

.30974 

.03492 

0.00000 

0.90000 

.03492 

.02361 

0.00000 

.02361 

99.939 

.32366 

.04000 

0.00000 

0.00000 

.04000 

.02421 

0.00000 

.02421 

93.692 

• 33 7 

7X4675 ' 

X7X00XX~ 

0 . 0 OX 0 0 

• (JSoO 

7X34XB 1 

T.OOOCO 

7X34 0 0 

103.646 

.35202 

.05548 

0.0 000 0 

0.00000 

.05540 

.04113 

0.00000 

.04113 

10a. 000 

•36610 

.06545 

0.00000 

0.00900 

.06565 

•04906 

0.00004 

.04906 

" TI77T5X 

. 35018 

4X777"5 

* 0 . u uuuu 

1 II. 9 UUUU 

7X7T7X 

T057TO '* 

XTOCOXX 

7X577X 

116.304 

.39426 

.09141 

0.00000 

0.00990 

.05141 

.36313 

0.09000 

.06413 

120.462 

•40834 

.10702 

0.00000 

0.00900 

.10702 

.07944 

0.09000 

. 07944 

124,616 

•42243 

• 12314 

U • 0 0 0 3 0 

0. 90000 

— 732314 

.09136 

X. 00000 

.09136 

1 2d • 769 

.43651 

. 14035 

0.00000 

0. 90090 

.14035 

.10429 

0.00000 

.10429 

132.923 

.45059 

. 15844 

0.00000 

0.00900 

.15446 

.11475 

0.00000 

.11475 

~ 1377077 

•4b4of 

.lV61b 

* XTOXuu u 

“ 07XXXXX 

• i / a l b 

7133 71 

XTXXOOX 

713371 

141.231 

.47475 

. 19614 

0.00009 

0.90000 

.15818 

.14909 

0.00000 

.14909 

149.349 

.49263 

.21941 

0.00000 

0.90900 

.21941 

.16593 . 

0.00000 

.16593 

149. 939 

• 50 o 9 1 

.24131 

{T7XX00X*- 

0.90990 

• Z4r3I 

.18357 

'0.00000 

.18357 

193.693 

.52094 

.26361 

0.00009 

0.00900 

.26361 

.20157 

0 • 000 00 

.20157 

197.646 

.5350 7 

.26614 

0.99999 

0.90000 

.26614 

.22024 

0.00000 

.22024 

“ 162.000 

* 4543T5 

•4U954 

C7XXXXX 

b iiu 00 

— 730954 " 

7253 51 

XTXODXX 

724XXI 

1 b o , 154 

• 56 32 J 

.33317 

. 0.99099 

0.00000 

.33317 

.26134 

0.00000 

• 261 3% 

170.304 

.57732 

.35714 

0.9 0090 

0.00000 

.35714 

.24236 

0.90000 

.24236 

174 . 462 *' 

45X140 

• 3822 4 

OTXOOO 0 

0 . 00000 


—770473 

X7OOOO0 

.30473 

17o.fcl6 

.60543 

.40797 

0.00090 

0.00300 

.40797 

.3240a 

0.00000 

.32404 

162.770 

.61956 

•43400 

0.09900 

0.00000 

.43400 

• 35 1 62 

0.00000 

.35167 

146,923 


• 4 o J 0 0 

07 U UliU U" 

b « 0 0 0 0 0 

• 4 fcU b u 

, 3/990 

X 7X00 00 

7375 EX 

191.077 

.64 772 

•48665 

0.90000 

0.00000 

.46665 

.40167 

0.00000 

.40167 

199.211 

.66180 

.51312 

0.00000 

0.00300 

.51312 

.42793 

0.00000 

.42793 

199,349 

• 675 8 6 

.53939 

b • 0 (JO 8 0 

0.00000 

.53939 

-.45471 

X. 00000 

.45431 

203.939 

• 66 J 96 

• 56584 

0.00000 

0.00000 

.56564 

.44164 

0.00000 

• 4 ol 84 

207.693 

.70404 

.59233 

0.00000 

0.00000 

.55233 

•51030 

0.00000 

•51050 . 

21 1 « 84 7 

« 71 0 1 C 

• 6 1 03 J 

”■ 0. U UUUU 

’ O.OXXOO 

— 76 1833 

753919 

X7000XX 

753919 

216.000 

.73220 

•04378 

0.00000 

0.00000 

.64376 

.55790 

0.00000 

.56790 


Z20.i54 

.76 6 2 9 

.66951 

.00054 

0.00000 

.67005 

.59666 

0.00000 

.59664 

■ min i 

.76017 

.69641 

. U U 662 

0. 00000 

" 775155 

757979 

0.ODOUU 

T629/9" 

224.462 

.776 6 5 

.72005 

.01680 

0.00000 

.73866 

.66220 

0.00000 

.66220 

232.616 

•76353 

.76619 

.03096 

0. 0 0000 

.77717 

.63667 

0.00000 

.69647 

236.771 

.60261 

777352 

.06414 

070 3000 

751756 

. 7 3 355 

570000 0 — 

771866“ 

240.924 

. 6166 3 

.60152 

.05660 

0.00000 

.65612 

.76113 

0.00000 

.76113 

265.077 

.83077 

.82632 

.06123 

0.00000 

.66555 

.82160 

0.00000 

.62160 

■ rim if 

• 8*<»6 5 




791325 

■ htv 

TMIMM 

7354 65 

253.385 

. 85 o9i 

• c7 06 6 

.06460 

0.00000 

.93546 

•68632 

0.00000 

.66662 

257.539 

.87301 

•68813 

• 0 663 0 

0.00000 

.95443 

• 91653 

0.00000 

.91653 

*261.^93 

.68709 

;90107 

• 0 666 6 

;ooo<«7 

•56340 

.34144 

700037 

794201“ 

265 • e*« 7 

.90118 

.90656 

• 0 666 6 

.00517 

•56060 

.95350 

.00366 

.96336 

270. 001 

.91526 

.51103 

•06666 

•01294 

• 95Jo<t 

.36357 

.01026 

.97463 

276.156 ‘ 

~ r?79 

.51006 

* Q fabtt b 

.01195 

"'"•95bo5 

. 363 9/ 

.01/32 

796679“ 

27o.30d 

.9.362 

.90870 

• 06666 

•02500 

1.C0056 

.36737 

.02442 

.99239 

242.662 

. 55 7 50 

.90768 

•06666 

.02769 

1.00203 

.96707 

.03052 

.99756 

260.616 

•9715» 

.90652 

• 0 6566 

.02796 

n 0 0134 

795539 — 

703452 — 

— 17000 92“ 

290.770 

.93566 

.50576 

•06666 

.02796 

1.00050 

.96587 

.03452 

1.00039 

296.926 

.99376 

. 50520 

•06666 

.0 2796 

l.ooaoi 

.96546 

.03452 

1.0C001 


rmnoo 

1 1rjfc W. 


70 2775 



703452 — 

HD 0005 
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. lfclNG SPANMT5E LIFT DISTRIBUTION 


CAN3ERE0 

MINS 


FLAT MING 

NAbELLE INC . 

T/B/2 

LIFT 

FRACTION AT T/B/2 

LIFT FRACTION AT T/B/2 

LIFT FRACTION AT )T/B/2 

C. <100003 


.518495 

.014771 

0.000000 




.029747 

•002293 

• G5IC0C 


.033036 

.030437 

.009391 

•075C3G 


.040329 

.032113 

.016798 

• .1CCCC0 


.04G937 

.032764 

.022372 

' .125003 


•C4CS53 

.032740 

.027658 

■ . i =; c c o o 


.040131 

.032604 

.032319 



.039S97 

.032189 

.035336 

■ • .ZuOCCC • 


• ClSMl 

.031302 

• C 3747 9 

.225CG0 


.037942 

.032 5 33 

. C 37 975. 

... • .25C0C3 


. 0 3 7129 

.031015 , 

.0 37905 

.zrsctc 


.336391 

• Q 3u 763 

.044969 

•3C0CCJ 


.335419 

.030190 

.041821 




•029905 

.048567 

•3SCGG0 


.0 3 348 7 

.029401 

.056278 

• 3 75C GO 


, 0 32329 

. C 23 7 25 

.058179 

.aocco: 


.331226 

•028302 

.C59355 

.*.’5(03 


« C 29972 

.C27610 

.055388 

*<•500 03 


.028911 

.026395 

.049762 

.475C05 


.327776 

.026351 

.042304 

.SOOCOC 


.026584 

.025593 

.037770 

• 525C 0 3 


.025283 

• G 251 70 

.035550 

tilSLi.3 


_*an&is 

.024397 

.035063 

• 575c:: 


.022141 

.023325 

.0 33203 

.600000 


.020626 

.023468 

.030951 

.62500: 


. C 191 27 

.022728 

.027426 

.650000 


•C 17794 

.022375 

.024129 

.675300 


.014461 

.021933 

.020133 

.7C:cOG 


.015254 

.021242 

.015539 

.725000 


• C 1423 9 

.C2G77J 

.011796 

.75CC0C 


. G 1 340 3 

.020560 

.008178 

.775CCC 


.912590 

.C2C420 

.002312 

• 3 CO COO 


.011327 

•020202 

-.ococoo 

•825CCC 


.011203 

.019631 

0.000000 

■ 3 50 C C 0 • 


jJLIQZX 

.C 18765 

0.000000 

• 3 75 00 G 


.010111 

.018030 

0.000000 

•930COC 


• CC 9344 

.016377 

0.000000 




.015413 

0.000000 

.950000 


.006534 

.013751 

o.caocoo 

• 975C0C- 


. G 0 47 35 

.011283 

0.000000 

L-Ooccsl: 


• CO 1 30 3 

• C G 3772 

0.000000 


EMO Or DAI* •••STOP 


——TOTAL ELAPSEO TINE, CP» 122.043 

h^n g a Rf| 

SKFR 

ENTER INPTS— - TAPE INPUTS 

EKIT-INPTS 

ENTER GE9N1S8- — GEONETRY INTERFACE AIT H PROIRAN TEAL58A 
SKIN FRICTION CALCULATIONS H«2.7, A*60000 FT 
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SKIN FRICTION CALCULATIONS N»2.7, -1*60000 FT 


NUMBER OF l^ACH -ALTITUDE CONBIN A T IONS > L 

NUMBER OF NACH-REYNOLOS COMBINATIONS » >0 


nhaf* ft nmafqr= n nfusor* 1 3 noon. 2 npooor* 7 . H F I H - Q NFittQ.ii II ttCAMM* 1 



: J2* 1 J3« 

1 

J4 ■ -0 J5* 

1 



NCANs 1 


NO. OF EXTRA PARTS* 

•0 TOTAL NACELLE OVERLAP AREA. -0.00000 

REFERENCE AREA* 9898.00000 



MACH NO. 


ALT ITUDE/1QQQ 


TEMPERATURE DEVIATION 

SCALE FACTOR 

i, 


2.70 


60.000 


o.oocco 

1.00000 



XFU5 






i ' 


0.00000 


0.00000 




2 


16.67000 


17.18460 




3 


1 II III 1 — 






• k 


5C.0CC00 


33.44260 




5 


66.67CCC 


38. 344C0 




6 


83-338 ffl 


39.71150 




7 


100 . C CC 0 c 


38.80010 




8 


116.67C0C 


36.83180' 






in mini i 






TO' 


15C.CCCCC 


36.65^80 




11 


166.66000 


36.66380 




12 . 


183.33000 


36.49710 




13 


2 sc. cocoa 


35. 83180 




14 


216.67CCQ 


34. 36920 




15 


— 1 1 II 1 1 1 1 1 






16 


250.00000 


27.22900 




IT 


266.67G00 


20.35390 




. 10 . 


. 283.3C0C0 


10.02650 




19 


295.CCC0C 


0.00000 








MING PLANFORM 






X 


Y 

Z 

CHORD LENGTH 


1 


76 .'5 SC 0 0 


A-t d [ 1 

0.00000 



2 


63.10400 


6.62500 

0.00000 

160. 13300 


3 


93.16500 


9. 51000 

0.00000 

149.79003 


'4 


1 16.960 00 


16. 3 33 13 C 

0.00000 

125.35000 


5 ' 


168.98000 


31.25000 

o.accoo 

77.29500 


6 


225.81000 


47.54400 

0.00000 

32.68100 


, T. 






32.68100 


8 


258.21000 


66.25000 

o.occoo 

14.44503 




mi Nr. 

AIRFOIL AT SIDE OF FUSELAGE 





x/c 


z/c 





1 

0.00 


0.0000 





2 

2.50 


.5700 





3 

5.00 


.7140 





4 

10 . oc 


l»7?S 





5 20 . 0 a t.osoc 

6 3C.00 1.1450 


L/l 

O 












7 

to. GO 

1.2CG0 


ft 

50. 00 

1.2300 


9 

50. CC 

1 .2490 


A P 

70. r n 

1.170C 


11 

SO. 00 

.9320 


12 

3C.CG 

,5450 


11 

100.00 

0.0000 


THE NO. OF MING 

PARTITIONS IS 

53 




NACELLE GEOMETRY 

1 


X 

RAO US 

PERIMETER 

1 

C.OGOO 

2.8650 

18.0013 

2 

2. 00S0 

2.9830 

18.7427 

3 

15. <.230 

3.5330 

22.8268 

% 

21.5250 

3.7700 

23.6876 

S 

28.C170 

3.6540 

22.9588 

6 

32.C57Q 

3.4200 

21.4885 

7 

35. COO 

3.4200 

21.4885 


NACELLE GEOMETRY 2 



X 

RAO IUS 

PERIMETER 

1 

0.CG00 

2.S65G 

18.0013 

2 

2. 0080 

2.9B3C 

18. 7427 

3 

15.4700 

3. 6330 

22.8268 

4 

21.5250 

3. 7700 

23.6875 

5 

28.0170 

3 .6540 

22.9588 

6 

32.G670 

3.4200 

21.4885 

7 

35.C4CC 

3.42CC 

21.4885 


INPUT DATA 

FOR CANARD 1 


ROOT AIRFOIL 




261.C0CCQ 

2.00000 

•14.00000 

25.00GOQ 

TIP AIRFOIL 




277.CCCC0 

ll.O'OOOO 

-14.00000 

9.00000 


2/C COORDINATES FOl CANARD 

1 


PERCENT CNORO 

l > 

l 

O.CCGOQ 


0.00000 

2 

50. COOOO 


1.50000 

J 

ICC. 00000 


0.00000 


NO EXTRA PARTS 
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DRAG COEFFICIENT CALCULATIONS 


MACH NO* * 2*70000 ALTITUDE- 60000.00000 


TEMPERATURE variation- 

o.oooco 

INPUT SCALE- 

1.00000 

SWET 


o/a 

COP 


FUSELAGE 

7033*7390 14 

8. C 37180 

.000812 

NTNG 

18157. 173120 

22.091565 

.002232 

NACELLES 

3051.2)2786 

<•.254190 

.000430 

FIN 

c.coccoo 

o.ooccoo 

0. 000000 

canard 

612.COCOGO 

.951778 

.000096 

TOTAL 

29654.100920 

35.334713 

.003570 



■fflffcFIELP ^YE 3W flgliaimiM *«5E0 on m». area 


£ 





FUSELAGE 

1 AREA DISTRIBUTION 

ID/0 * 5.546311 



H 

X 

2 

8 

s 

N 

X 

Z 

R 

3 

a 

0 .0000 

10.0000 

0.0000 

0.0000 

so 

147.5000 

-2. 8240 

5.8286 

108.7199 

i 

ill'll! 

9.7434 

.7805 

1.9136 

51 


-3.0794 

mini 

noiisa 

2 

5.9000 

9.4868 

1.3012 

5. 3135 

» 2 

153.4000 

-3.3380 

5.8408 

107.1755 

3 

6.5500 

9.2302 

1.7477 

9.5952 

S3 

156.3509 

-3.5965 

5.8420 

107.2198 

4 


8.9736 


■mui 

54 

KutChTI 

a&KJTffVrvvTi^K 

5,8415 

107.2007 

5 

14.7500 

8.7170 

2.5132 

19.8427 

55 

162.2503 

-4.1136 

5.8398 

107.1370 

6 

17.70CC 

S.46C4 

2.8*90 

25. 4930 

56 

165.2000 

-4.3721 

5. 8373 

107.0461 

7 

20 .6500 ... 

8.2036 

3.1592 

31. 3552 

57 

168.1500 

•4.6251 

5.8350 

106.9627 

8 

23.5000 

7.9468 

3.4490 

37. 3701 

58 

171.1000 

-4.8729 

5.8323 

106.8844 

9 

26.5500 

7.6301. 

3.7204 

43. 4837 

59 

174.0500 

-5.1206 

5.8238 

106.7736 

10 

79.5CCC 

7.4333 

3.3745 

49. 5273 

50 

177.0000 

•6.1684 

5.8254 

106.6106 

11 

32.4500 

7.1766 

4.2113 

55. 7152 

61 

179.9501 

-5.6161 

5.8190 

106.3783 

12 

35.4CC0 

6.9187 

4.4277 

61.5302 

52 

162.9000 

-5.8639 

5.8102 

106.0565 

11 

38.3530 

6.6603 

4.5278 

67. 2818 

63 

185.8500 

-6.1268 

5.7980 

105.6119 

14 

41.3000 

6. 4020 

4.9161 

72.8675 

64 

188.8000 

-6.3922 

5.7828 

105.0556 

15 

44.2500 

6.1436 

4.9947 

78. 3745 

65 

191.7500 

•6.6576 

5.7646 

104.3359 

lo 



5.1656 


66 

194. 7000 

-6.9211 

5. 7435 

103.6133 

17 

5C.1500 

5.6265 

5.3309 

99.2804 

57 

197.6500 

-7.1885 

5.7134 

102.7662 

IS 

53.1000 

5.3666 

5.4941 

94. 8290 

68 

200.6000 

-7.4522 

5.6923 

101.7943 

19 

56 .0 5CC 

5. 1C65 

5.6497 

100.2791 

53 

2C J. 55L D 

-7.7188 

5.6520 

1 J 0 . 7150 

20 

59.0 000 

4. 8464 

5.7949 

105.4964 

70 

206. 5001 

-7.9654 

5.6279 

93.5060 

21 

61.95CC 

4.5862 

5.9270 

110. 3623 

71 

2C 9. 450 0 

•8.2220 

5.5894 

98.1469 

22 

■ITWIIHB 

4. 32bl 


imBw 

72 

212.4000 

-8.4786 

5.5455 

96.6135 

23 

67.8500 

4. 0690 

6.1362 

118. 2910 

73 

215.3501 

-8.7352 

5.4952 

94.3587 

24 

7C .8000 

3.8133 

5.2048 

120. 3510 

74 

21S.3001 

-8.9870 

5.4357 

92.8242 

25 

73.7500 

3.5590 

5.7567 

122.3836 

75 

221.2500 

-9.2349 

5.3669 

90.4892 

26 

76.7000 

3.3031 

5.2947 

124.4737 

76 

224.2003 

-9.4828 

5.29CS 

87.9427 

27 

79.6500 

3.C4U 

5.3198 

125.4758 

77 

227.1500 

-9.7307 

5.2082 

85.2159 

2< 

Tl H 1 1 1 W 

2.7931 

6.3322 

125.9661 

78 

VT7VIHH 


5.1192 

82.3284 

29 

85.5500 

2.5363 

5.3295 

125.3539 

79 

233.0510 

-10.2266 

5.C24C 

79.2949 

30 

88.5000 

2.2803 

5.3144 

125.2531 

80 

236.0001 

-10.4822 

4.9227 

76.1302 

31 

91 .45f0 

2. C 237 

5.2897 

124.2921 

81 

238.9501 

-10.7388 

4.8148 

£2.8235 

32 

94.4000 

1. 7671 

6.2569 

122.9909 

82 

241.9000 

-10.9954 

4.6994 

69.3811 

33 

97 .3500 

1.5105 

5.2170 

121.4265 

83 

244.8509 

-11.2520 

4.5757 

65.7747 

K7V 

luHHM 


5,1701 

119.6001 

84 

247.8001 

-11.5086 

4.4419 

61.9839 

35 

133.2500 

1.0332 

5.1 158 

117.5049 

85 

250.7501 

-11.7675 

4.2941 

57.9349 

36 

106.2000 

. 7519 

5. C 577 

115.2818 

86 

253.7000 

-12.1329 

4.1296 

53.5767 

37 


.5006 



87 

256.6510 

-12.2984 

3.9510 

49.0426 

35 

112.1003 

.2493 

5.9406 

110. 6720 

88 

259.60C1 

-12.5638 

flEHE 5 V 


39 

115.C3CC 

-.0020 

5.3879 

108.9101 

89 

262.5501 

-12.8293 



40 

■ii.niiiH 


•HWTtTV 

107.4130 

90 

265.5001 

-13.09*7 

■I T V 


41 

120.3500 

-.51=1 

5.9206 

106.4343 

91 

268.4501 

-13.3498 

3.0917 

30.0687 

42 

123.3CC0 . 

-.773i 

5.3020 

10 5. 7567 

92 

271.4001 

-13.5982 

2. 8340 

25.2311 

43 

126.95CQ 

-1.C321 

5.7897 

1C 5. 30 73 

93 

274.3500 

-13.8465 

2.5554 

20.5141 

44 

129.8000 

•1.2906 

5.7827 

1C5.0528 

94 

277.3000 

-14.0949 


16.0117 

4S 

132.7500 

-1.5492 

5.7809 

10 4. 3872 

95 

280.2501 

•14.1432 

1.9403 

11.8279 

46 

135.7000 

-1.8047 

3.7854 

1C5. 1525 

96 

283.2100 

-14.5916 

1. 6071 

8.1140 

4 7 

138.6500 

-2.0596 

5.7943 

10 5. 4742 

37 

286. 1501 

-14.8679 

1.2762 

5.1167 

48 

141 .&OOC 

-2.3144 

. 5.8053 

1C5. 8757 

98 

289.1QC0 

-15.1453 

.9120 

2.7287 
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2.8240 


S.8171 106.3087 

5.8281* 106.7135 . 


_23 232. 0503 -15.6226 

lOtt 295.0001 *15.7000 


-jLitai 

0. 0000 


49 146.5500 

50 147. 5000 

EXIT START 


.9633 

.0000 


enter ejseit 


EXIT FUSFIT 
ENTER SLOPE 
EXIT SLOPE _ . 

ENTER XM AT 






EXIT XhAT 






ENTER sniST 






EXIT ADIST 






ENTER OUT 






EAR-FIELD 

NAVE 3RAC OPTIMIZATION BASED 

ON NAX. AREA 


2 



CASE NO. 

1 




MACH 

■ 7.7 CD __ MX 3 

50 MTH£TA_ 

s 36 



SKI 

COMPONENT BUILDUP 

AT THETA > -90. 

occ 



STB). CAPTURE » .0009 

STP), CAPTURE « 

103.1476 


X 

siat 

■Sir!® 

S ( BMP) 

STBM»E» 

STBMPF3I 

25.0739 

c.cooc 

C.GOOO 

0.0000 

0.0000 

0.0000 

JO. 0324 

11.0592 

11.0592 

11.0592 

11.0592 

11.0592 


25.987T 


25.9873 

■ I Hi W 


33.9374 

42.3793 

42.3793 

42.3793 

42.3793 

42.3733 

44.8899 

58.9684 

58.9684 

58.9684 

58.9684 

58.9634 

49.8434 

75.3376 

75.3376 

75.3376 

75.3376 

75.3376 

54.7949 

91.6512 

91.6512 

91.6512 

91.6512 

91.6512 

5 3.7474 

1(7.4340 

107.4040 

107.4040 

107.4040 

107.4040 

EL. 6999 

121.3580 

121. 3580 

121.3580 

121.358C 

121.3530 

6 3.6524 

132.8915 

132.8915 

132.8915 

132.8315 

132.8 915 

74.6049 

142.2923 

142.2923 

142.2923 

142.2323 

142.2923 

79.5574 

149.6250 

151.1574 

151.1674 

151.1574 

151.1674 

84.5099 

154.8615 

161.8952 

161.8952 

161.8352 

161.8952 

89.4624 

157.7770 

1 7 2 • 6SC 3 

172.6803 

172.6303 

172.6833 

94,4150 

— UH-Hf 

182.3309 

182. 3309 

182. 3309 

182.3339 

99.3675 

156.7219 

191.0438 

191.0438 

191.0438 

191.0439 

104.1270 

154.0842 

198.8616 

199.8616 

199.8516 

198.8616 

109.2725 

150 .9658 

2C6.5285 

206. 5285 

206.5295 

206.5235 

114.225C 

147.7364 

214.2626 

214.2626 

214.2526 

214.2626 

119.1775 

144.8576 

222.4063 

222.4C65 

222.4065 

222.4155 

r&: 


?3 C • 71 78 

230.7178 

230.7178 

230.7178 

129.0825 

140.8530 

241.1248 

240.1248 

240,1248 

240.1248 

134. C 350 

14C.1C71 

250.1360 

290.1360 

251.1360 

250.1350 

13«. 9375 

139.9615 

260.5C23 

260.5026 

260.5326 

260.5C26 

143.94CC 

1AC.CS53 

270.4176 

270.4176 

270.4176 

270.4176 • 

148.8925 

140.2215 

279.9327 

279.9327 

279.9327 

279.9327 

153.84'C 

l<*C.0fi34 

2aa*693r 

288.6939 

288.6339 

288.6419 

f 15a. 7)75 

139.7173 

296.7660 

296. 7680 

296. 7680 

296.7630 

163.75CC 

139.1160 

30 3.5730 

303.5730 

303.5730 

303.5730 

188.7025 

138.2982 

30 9.3469 

309.3469 

309. 3459 

309.3459 

173. 6550 

137.1030 

31 3.0520 

313.0520 

313.0520 

313.0520 

178.6176 

135.1738 

314,6210 

314. 6210 

314.6210 

314.6210 





312.8232 

312.8232 




188.5176 

127.5666 

307.1600 

307.1600 

307.1803 

307.1610 

19 3.4651 

122.1921 

298.2177 

298.0802 

298.8802 

298.0802 

t Q 3 . 4176 

115.2164 

285.2214 

289.8101 

289.8101 

289.8131 

2 C 1. 17C1 

1C9.5024 

268.7550 

281.8752 

281.8752 

281.8752 

208.3226 

101.86*7 

247.C494 

273. 7C96 

273. 7096 

273.7C96 

?\ 1.77M 

93.2729 

22C.5418 

2.62.0171 

262.0171 

262.0171 

218.2276 

03.6164 

189.9056 

2**3. 9417 

243.9417 

243.9417 

221 . 1AT 1 

7 ? . 9 d 1 C 

158.3252 

217.8203 

217.8203 

217. 8233 

?? 3. 13^6 

fl .0979 

127.9535 

188.C241 

188.0241 

188.1951 

2 3 3. C 851 

48 .1279 

99.5808 

155.2949 

155.2949 

157*0530 

231. J376 

34.5C13 

74.6C59 

124.7390 

124. 7390 

129.7272 

242.3901 

21.52 37 

53.8077 

100.C566 

It’C . 0566 

107.0212 

247.9426 

1C.4C 35 

36.6984 

80.5321 

80.5321 

83.7314 

252.8991 

2.2911 

23.3737 

67.2674 

67.2374 

67.2074 

267.A476 

-.CC3C 

15.8392 

59.6729 

59. 6729 

59.6729 

262.8001 

- . C 0 3 0 

9.0720 

52.9157 

52.9057 

52.9057 

267.7527 

-.coco 

2.7703 

66.6040 

46.6040 

46.6C40 

_272.7C£2 

“ • CO QG 





4.1.6337 

43.8 33 1 — 


FAP~FI£L3 .HAVE 3RAG OPTIHIZAT1QN.31SEO ON WAX. AREA 2. 




CASE NO. 

1 




HASH » 2 

.700 NX * 

50 NTHFTA 

« 



S<X> COMPONENT BUILDUP 

AT THETA > 0. 

000 



SO 3) « CAPTURE 

= .0000 

S(P>, CAPTURE « 

103.1476 


X 

S 1 91 

Siam 

StBMPI 

SORHPFt 

SfBMPFTI 

.COCO 

9. COCO 

0.0000 

0.0000 

0.0000 

O.OCIO 

8.7762 

11.3791 

11.3791 

11.3791 

11.3791 

11.37)1 

1 7.5524 

28.0948 

28.0948 

28.0948 

28, C 948 

28.0948 

26.1285 

45. 1601 

46.1601 

46.1601 

46.1601 

46.16)1 

35.1047 

63.9203 

63.9203 

63.9203 

63.9203 

63.920 3 

43. 8809 

, 81.1552 

01.1552 

81.1552 

81.1552 

81.1552 

52.6571 

97.0451 

97.0451 

97.0451 

97.0451 

97.0451 

61.4333 

109.9154 

109.9154 

109.9154 

109.9154 

109.91*4 

79.2096 

119.2683 

126.0384 

126.0384 

126.0384 

126.0354 

78.9856 

124.4676 

151.1320 

151.1320 

151.132C 

151.1320 

87.7618 

125.3983 

173.2611 

173.2611 

173.2511 

173.2611 

_3A.5I8& 

122.9679 . 

195,0744 

195.0744 

195.0744 

195.8744 

105. 3142 

118.5517 

217.8486 

217.0486 

217. 8486 

217.84)5 

114.C9C4 

114.0385 

229.2987 

229.2957 

229.2937 

229.2957 

122. 660-6 

11C. 4307 

232.2009 

232.2009 

232. 2009 

232.209 

131.6427 

10 8.67 44 

231. 7380 

251.7380 

231.7380 

231.7350 

140. 4189 

105.5425 

228.6657 

231.2640 

231.2540 

231.26.0 

149.1951 

103.9440 

223.8450 

233.0828 

233.0328 

233.0 8*8 

157.9713 

109. 3794 

21 7. 7540 

232.5753 

232. 5753 

232,5753 

166. 7475 

10 9.350 4 

21C.5487 

225. 7596 

225.7596 

225.7596 

175.5237 .... 

1C 3 . 7787 

202.3256 

219.9928 ' 

219.9928 

219.99*8 



184.299a 

107.7584 

194.7342 

217.3460 

217.3466 

217.3459 

193.0760 

106.0109 

186.4917 

212.9446 

212.9446 

212.9446 

201.8522 

1C J. 1445 

177. 9707 

203. 3819 

203.3819 

203.3819 

210.6284 

98.8614 

169.1414 

191.6257 

191.6257 

191.6257 

21.5. 4C46 

93.0833 

159.5283 

181.4452 

181.4452 

181.4452 

2fl.l8M 

85.7537 

149.76*5 

171.6813 

171.6313 

17116813 

tJ6.9E69 

76.7882 

138.9194 

160.8362 

16C.8362 

160.8352 

*45.7331 

65.2492 

124.5774 

146. 49*2 

146.4342 

146.4942 

264.6001 

54.182? 

1C 6. C635 

13Q , 5ft43 

130.5343 

131.6335 

?6 3.2855 

*0.6162 

85.0542 

116.2182 

116.2182 

118.9636 

27,2.061 7 

25.1776 

64. 1655 

100.9078 

100.9378 

102.1153 

280.6379 

12.548C 

45. .470 

81.9173 

81.9173 

63. 363 1 

299.61*0 

2.7715 

30.4645 

65.0100 

65.0100 

66.7325 

298.3902 

- . c e 0 C 

23.3220 

59.4772 

59.4772 

60.4875 

3C 7 . 1 *»** 

-.act: 

19.4181 

62.5498 


62 »977 8 

315.9426 

*.aaic 

16.0406 

64. 1671 



64. 1671 

64.1671 

32*. 71»" 

-.coco 

13.2528 

60.9072 

60.93 72 

60.9072 

3 3 3.4360 

-.COCO 

lG.aaaa 

55.9833 

55.9833 

55.9833 

342.2711 

•.0003 

8.7568 

52.5905 

52.5305 

52.5935 

351.0473 

-.0000 

6.7430 

50.5767 

50.5767 

50.5757 

359.8235 

-.occc 

5.4913 

49.3250 

49.3250 

43.3250 

368.5997 

-.0030 

4.6909 

48.5246 

48. 5246 

46.52’«6 

377.3759 

-.0030 

4. 0172 

47.8509 

47.8309 

47.0539 

384.1521 

-.0030 

3.3997 

47.2334 

47.2334 

47.23J4 

394.9282 

-.coo: 

2.8337 

46.6674 

46. 657* 

46.6674 

43 3. 7044 

-.0000 

2. 3192 

46.1529 

46.1529 

46.1529 

*12.*8:!fc 

-■oeop 

1.8561 

45.6900 

45. 6300 

45.6913 

421.2568 

-.0030 

1.4 4 4/1 

45.2785 

45. 2785 

45.2735 

433.0330 

-.0000 

. 7842 

44.6179 

44. 6179 

44.6179 

433.8012 

- . 0 C 3 0 

-. 0000 

43.833Z 

43.611JL 

U.flJ3Z_ 


INTERNAL RESTRAINT POINTS 1X1*1 

SN* 9.0000 SB* 

43.8337 ELL* 436.8092 

If F 

SF 

175.5237 

252.4718 

290.3902 

58.8910 

307.1664 

57.2945 

315.9426 

55.7961 

324.7188 

53.3598 

133.4950 

50.6050 

142. 2711 

48.8796 

351.0473 

.47.7230 

359.6235 

46 ■ 6i93 

366.5937 

46.2321 

377. 3759 

45. 7,388 

360.1521 

45. mo 

394.9282 

45.0197 

*03. 7G44 

44. 7157 

il 2.4 iiCli 

44.4611 

421.2558 

44 • 2 40 8i 

43C.C3JC 

44.0 327 
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Os 

OS 


£&3=m Vfl Qft^S QPTIHIZATION BASED ON HU. AREA L 

CASE NO. 1 




NACH » IUAQ 

NX * 50 

NTHETA » 36 



S3AR1X*) AVERASE EQUIVALENT 30DT 

«• 

-.1000 

8.776? 

SBAROi 

o.cooo 

i ?.rn it 

SBARI8NI 
3.0000 
12.0010 

SBAAIBNPI 

0.0000 

12.0009 

S3AR1 BNPF1 
0.0000 
12.0009 

SBAR(BNPFC> 
0.0000 
12. 0009 

SBARIRESTRAINEO* 

0.0000 

5.4876 

DELTA SBAR 
0.0000 
•6. 5933 

17.5524 

29.2052 

29.2049 

29.2048 

29.2C48 

29.2048 

15.0035 

-14.1963 

26.3235 

47.6964 

47.5957 

47.6957 

47.6957 

47.6957 

27.0350 

-20.5607 

35.1C47 

60. 8924 

53.8913 

65.8913 

65.6913 

65.8913 

40.7780 

-25.1133 

<♦3.6809 

8 3 • 5 1 * 2 0 

83.5387 

83.5387 

83.5387 

83.5387 

55.7814 

-27. 7573 

52.6571 

95.5192 

99.5194 

99,5194 

99.5194 

99.5194 

71.7017 

-27.3177 



112.4259 

U’^4 513 

11 2,4562 

112.4562 

112.4562 

66«2>$9 

*24*7001 

7C.2C95 

121.7894 

125.6941 

125.6940 

125.6940 

125.6940 

105.1969 

-20.4971 

76.9156 

127.C706 

140 .9071 

140.9070 

140.9070 

140.9Q70 

122.2983 

-18.6087 

— 57.7511 

126.1202 

155.2621 

155.2820 

156.2820 

156.2820 

139. 3457 

-16*9362 

96.5110 

125.7941 

171.7180 

171.7178 

171.7178 

171.7178 

156.1295 

-15.5883 

1C5.3142 

121.5899 

187.1709 

187.1706 

187.1706 

IB’7 • 1706 

172.4383 

-14.7322 

114.01C4 

117.1367 

2C 1.0514 

201.0503 

201.0503 

201.0503 

188.0538 

-12* 9969 

122.6666 

113.5483 

213.1301 

213.1307 

213.1307 

213. 1307 

202.7432 

-10.3875 

131.6-.27 

111.7088 

223.9191 

223.4016 

223.9016 

223.9016 

216.2508 

•7.5598 

14C .4119 

111.4154 

233.2742 

233.7312 

233.7312 

231.7112 

228.2854 

-5.4458 

149.19S1 

111. 7403 

243.2943 

242.5294 

242.5294 

242.5294 

238.4990 

-4.0304 

157.9213 

112.0871 

244.5413 

249.4263 

249.4263 

249.4263 

246.4484 

-2.1771 

166,747* L- 

112.1594 

245.4188 

252.4395 

252.4396 

252.4396 

251.5028 

-.9368 

175.5237 

111.5325 

243.3122 

252.4719 

252.4719 

252.4718 

252.4718 

-.0000 

184.2996 

lie. 4496 

235.0465 

250.8213 

250.8213 

250.8213 

247.2430 

-1.5784 

l Q 2 . 0 760 

lOtt.6586 

221.3650 

245.5213 

246.5213 

246.5212 

238.0024 

-8.5169 

2C1.65’? 

105. 7592 

217.5885 

23 9 • C 0 28 

23S.0C28 

238.0028 

226.0156 

-11.1872 

21C.6214 

101.2715 

202.4647 

224.8619 

224, 8619 

224.8618 

211.9916 

-12.6701 

219.4046 

95.2913 

184.5675 

20 8.6989 

2C8.6989 

208.6988 

196.4576 

•12*2413 

226.1108 

87.7994 

164.4996 

190.7393 

190.7393 

190.7387 

179.8525 

•10.8662' 

236.9569 

78.6228 

143.9183 

172.4070 

172.4070 

172.4085 

162.5702 

-9.9383 

245.71J1 

67.99 98 

122.5146 

153.4990 

153.4990 

153.4767 

144.9352 

- 8 . « 9 1 5 

254.5091 

55.7131 

100.1112 

134.2557 

134,2557 

134, 6494 

127.4725 

-7.1769 

261.2355 

41.9052 

78.1147 

115.7791 

115.7791 

117.7712 

110.4218 

-7.3414 

212 1 MU 

2iican 

55.8421 

97.163a 

97.1638 

100.0146 

94. 3G71 

•5. 7075 

26C.S379 

13.C805 

37.5324 

78.7675 

78.7675 

81.1680 

79.6628 

-1.5052 

289.6140 

2.9552 

2 3.0 039 

64.4551 

64.4551 

55.8302 

67.2992 

1*4190 

298.3102 

-.ccce 

15.1347 

58.3262 

58.3282 

58.8110 

58.8910 

-.3030 

3C7.1664 

- . c c c c 

13.C03C 

57,1655 

57.1655 

57.2945 

57.2945 

-.0000 

315,9h26 

-.0000 

13.3324 

55.8025 

55.8025 

55.7961 

55.7951 

-.0010 

324.7186 

-.COCC 

3_,1_52£ 

5 3*351? 

53.3592 

53. 3598 

53.3590 

•*0030 

333.495C 

-.coco 

5.4335 

50.8053 

50.8C53 

5C.805C 

50.8050 

-*0030 

342.2711 

-.coco 

5.0497 

48.8796 

48.8796 

48,8796 

48*6796 

•*0000 

351 .0 473 

-.0000 

1.8881 

47.7230 

47.7230 

47. 7230 

47.7230 

-.coco 

359.8235 

-.coco 

3.C 360 

45. 8693 

46.8693 

46.8693 

46.8693 

-•3000 

368.5997 

-.OO'CO' 

2.4484 

45.2821 

46.2821 

46.2821 

46.2321 

-.9030 

J77.J75.a 

-.toco 

1.9551 

49.7886 

45.7868 

45*7688 

49*7886 

-. 0 030 

316* l 521 

-.(CS0 

1.5473 

45.3810 

45.3810 

45.3810 

45. 3810 

-.0000 

394.9282 

-.0000 

1.1860 

45.0198 

45.0198 

45, C 197 

45.0197 

• 3 00 0 

403.7044 

-■fCOC 

■ 8 820 

44. 7157 

44.7157 

44.7157 

44. 7157 

-.0000 

412.4806 

-• C C CO 

.5274 

44.4611 

44.4611 

<•<*•4611 

44*4611 

-•0030 

421.2558 

-.0000. 

' .4071 

44.2408 

44.2408 

44.2408 

44.2400 

-.0090 




OPTIMUM FUSELAGE AREA DISTRIBUTION MITH RESTRAINTS AT 

_ _____ 


N 

X 

Z 

R 

S 

N 

X 

Z 

R 

S 

0 

-•0000 

18.0000 

8.0000 

0.0000 

25 

219.6066 

-9.0798 

5.037) 

79.7363 

1 

«. 7762 

9.2366 

.9587 

2.8876 

26 

228.1808 

-9.8173 

6.8316 

73.3382 

2 




11.0167 

27 

236.956) 

-10.5655 

6.5569 

65,2363 

I 

26.3285 

7.7096 

2.6680 

22. 3621 

28 

265.7331 

-11.3289 

6.2284 

56.1695 

4 

35.1C67 

6.9665 

3.3806 

35.8997 

29 

256.5093 

-12.1058 

3.7918 

45.1701 

s 

<.3.aar9 

6. 1759 

3.9867 

49.9318 

30 

263.2855 

-12.8955 

3. 1689 

31.1502 

6 

62.6571 

5.6057 

6.5897 



272.0617 

-13.6539 

2.6235 

18.6517 

7 

51 .63J3 

6.6318 

5.2120 


■1 

280.837) 

-16.3927 

1.7625 

9.5385 

a 

70.2095 

3. 8661 

5.6612 


■9 

289.616] 

-15.1936 

1. 0986 

3.7917 

9 

78 .9856 

3.105J 

5.8276 

10 6. 6859 


298.3902 

-15.7000 

-.0000 

-.0000 

IB 

87.7618 

2.3665 

5.6771 

106.5116 

35 

307.1666 

-15.7000 

-.0000 

-.0000 

11 

90.5380 

1.5511 

5.8167 

106.2366 

36 

315.9625 

-15.7000 

-.0000 

-.0000 

12 

105.3162 

.8273 

5 *6 763 

101.2260 

37 

326.7188 

-15.7000 

-.0000 

-.0000 

13 

116 »C 9C 6 

.0797 

5.562a 

96.5182 

IS 

333.6950 

-15.7000 

-.0000 

-.0000 

16 

, 172.86S6 


5.5157 

95.5780 

39 

362. 2711 

-15.7000 

-.0000 

-.0000 

15 

131.0627 ' 

-1.6521 

5.5663 

97. 3376 

60 

351.0673 

-15.7000 

-.0000 

-.0000 

16 

16C.6189 

-2.2126 

5.6693 

100.2635 

61 

359,8235 

-15.7000 

-.0000 

-.0000 

17 

169.1951 

DaMLB 

5.7229 

102.8912 

62 

368.5997 

-15.7000 

-.0000 

-.0000 

ta 

157.9713 

-3.7386 

5.7602 

106.2379 

63 

377.375) 

-15.7000 

-.0000 

-.0000 

19 

166*7475 

-6. 5068 

5.8106 

106.0607 

44 

386. 1521 

-15.7000 

-.0000 

-.0000 

2C 

175.5237 

-5. 2666 

5.8278 

106. 6997 

65 

396.9282 

-15.7000 

. 0000 

.0080 

21 

164.2995 

-5.9836 

5. 7059 

102. 2827 

66 

603.7C66 

-15.700C 

-.0000 

-. 0000 

22 

193.0760 

-6.7770 

5.5169 

95.5671 

47 

412.480a 

-15.7000 

-.0000 

-.0000 

23 

■ 11 HU 1 1 

-7,5611 

5.1336 

89.3635 

48 

621.2568 

-15.7000 

-.0000 

-•0000 

24 

210.6286 

-8. 3265 

5.1920 

86. 6868 

49 

630.033) 

-15.7000 

-.0000 

.,0000 

25 

219.6066 

-9.0798 

5.0379 

79.7363 

50 

638.8092 

-15.7000 

0.0000 

0.0000 
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FAR-FIELD HAVE DRAG OPTIMIZATION BASED ON MAX, AREA t 

CASE NO, 1 

MACJL-B 2^rjU NX » 58 NTHETA » 36 


O/Q ASSOCIATED KITH VARIOUS VALUES OF THETA 


H 

THETA 

D/Q 

0 

-90.000 

32.42244 

i 

-85.000 

32.43852 

2 

-80.00.0 

2 9. C 6960 

3 

- 75.000 

32.21580 

4 

-7C.OOO 

39.14779 

5 

-65.000 

40.81831 

6 

-60.030 

31.09613 

7 

-55.00C 

24.76395 

a 

-50.000 

21.32500 

9 

-45.030 

1 8.24720 

id 

-40.000 

16.59317 

n 

-35.000 

14. 70569 

12 

-30.Q0C 

13.65178 

13 

-25.000 

12.47812 

14 

-20.000 

12.00596 

15 

-15.000 

11.66950 

16 

-10.00C 

11.46378 

.17 

•5.000 

11. 16181 

_ 19 

0.000 

10. 75983 

19 

5.000 

10. B4299 

20 

10.000 

10.43451 

21 

15. LOO 

9.25607 

22 

20.000 

6. b540 4 

23 

25.000 

8. 42336 

24 

30. COO 

7.B6630 

25 

35.000 

7.4C971 

26 

40.000 

7.68032 

27 

45.000 

8.20368 

28 

50.000 

9. 06418 

29 

55.000 

9.74315 

“ 30 

60.000 

9.23257 

31 

65.000 

9.07663 

32 

70.000 

10.67143 

33 

75.000 

10. 0^783 

34 

80.000 

12. 48336 

35 

85. LOO 

15.68759 

36 

90.000 

25.03472 


N INC VOLUME CHECK ENTIRE AIRCRAFT 3RAC OF TRANSFERRED AREA DISTRIBUTIONS 


ENACT VOLUME » 17855. 15813 O/Q • IS. 00541 OPTIMUM EQ. BOOT COM** 6.87029430E-04 

EQUIVALENT 300T VOLUME » 17854.82340 COM « 1 . 51703448E- 0 3 AVERAGE EQ. BOOT COM* ■ S.29027269E-04 

. ... OPT. CQH»« 1. 4750 3664E-0 3 POTENTIAL COM* CHANGE* -1.41997839E-04 


EXIT OUT 


NE«« FIELD HS¥£ CRAG. 



HACK «.= 2. 

700CC NON* 90 NOPCT* 

PLANE 095 nREAKPOULLS 

13 J3VHAX* 20 

RATIO" 6.15383 



X 

r 

CHORD 


XIE 

IT: 

T 

1 

76.5900 

o.tooo 

166.9300 

e 

76.5900 

243.4200 

0.0000 

2 

7ft. 59? P 

9.7570 

165.8300 

i 

76.5900 

243.4200 

1.6563 

3 

ft ». 1 c«. C 

6.6250 

160.1330 

2 

76.5900 

243.4200 

3.3125 

K 

9 3.1650 

9.5 IOC 

149. 7900 

3 

77.3284 

243.3993 

4.9588 

5 

116. 9600 

16. 3330 

125.3500 

4 

93.1040 

243.2370 

6. 6250 

6 

169.98C0 

31.2500 

77. 2950 

5 

88.8799 

>41.0751 

8.2913 

r 

22 5. 0 IOC 

47.5990 

32.5910 

6 

94.6559 

242.9146 

9. 9375 

ft 

22 5. 0 ICC 

47. €450 

32. 6910 

7 

100.4320 

242.7580 

11.5937 

9 

253.21CC 

66.2500 

14. 4*50 

6 

106.2081 

242.6014 

13.2500 





9 

111.9843 

242.4449 

14.9062 





10 

117.7603 

242.3710 

15.5525 





11 

123.5362 

242.8112 

18.2187 





12 

129.3120 

243.2515 

19.8750 





13 

135.0878 

243.5917 

21.5312 





14 

140.8637 

244.1320 

23.187$ 





15 

146.6395 

244.5722 

24.8438 





16 

152.4153 

245.0124 

26.5000 





17 

158.1912 

245.4527 

28.1562 





IS 

163.9670 

245.8929 

29. 8125 





19 

159.7430 

246.4390 

J1.4587 





20 

175.5196 

247.6807 

33.1250 





21 

181.2962 

248.9225 

34. 7812 





22 

187.0729 

253.1542 

36.4175 





23 

192.8495 

251.4159 

38. 0937 





24 

198.6262 

252.6477 

39. 7500 





25 

204. 4028 

253.9894 

41. 4063 





26 

21C. 1795 

255.1311 

43.0625 





27 

215.9561 

256.3728 

44.7187 





29 

221,7328 

257.6146 

46. 3750 





29 

226.6523 

258.8592 

48. 0312 





30 

229.5211 

250.1134 

49.6975 





31 

232.3900 

251.3675 

_il«J4|7 





32 

235.2589 

252.6217 

53. GOOD 





33 

238.1278 

253.8759 

54.6562 





34 

24C . 99b7 

255.1300 

56. 3125 





35 

243.8656 

255.3842 

57.9589 





36 

246.7345 

>57.5383 

59.6250 





37 

249.6033 

258.8925 

51.281 \ 





39 

252.4722 

270.1467 

62.9375 





39 

255.3411 

271.4608 

64.5937 





40 

258. 2U0 

272.6550 

66.2500 


M ING-BOOY 

INTERSECTION 







_£M08Q 

X 

Y 


Z 

r 



O.OC 

76.600461 

4.760000 

-3.336402 

0.000000 



2.50 

80.770943 

4.760000 

-2.986316 

1,911739 



s.oc 

84.941424 

4.760000 

-2.748377 

2.382179 



10.00 

93.292336 

4.760000 

-2.628592 

2.919328 



20.00 

1C9. 964310 

4.760000 

•2.606061 

3.503204 




30. CO 

126.61.621? 

6.760000 

-2.715961 

3.820161 

6t.co 

163.328159 

6.760000 

-2.786028 

6.003662 

50.00 

160.010086 

6.760000 

-2.765999 

6.103753 

69. eo 

176.692008 

6.760000 

-2.657983 

6.167165 

70.00 

193.373933 

6.760000 

-2.386126 

3.90 3570 

80.00 

2 10 ,C 55857 

6.760000 

-1.965603 

3.126193 

9C.PC 

226.737782 

6.7600C0 

-1 .666089 

1.821666 

1GC.00 

263.619706 

6.760000 

-•620226 

0.000000 


NACELLF GEOMEtRr 


ORIGIN 

u.r.n 


X 

RADIJS 

AREA 

213.62100 

16.33000 

-5.80000 

0.00000 

2.0C800 

15.67000 

2.06500 

2.99300 

3.63300 

25.78596 

27.95986 

61.66500 




21.52500 

28.01700 

32.06700 

3.77100 

3.65600 

3.62000 

66.65125 

61.96575 

36.76561 




35.0600C 

3.620CC 

36.76561 

ORIGIN 

<1.7. Zl 


X 

RADIUS 

AREA 

215.67000 

31.25000 

-6.90000 

0.00000 

2.0C800 

2.85500 

2.98300 

25.78896 

27.95*85 




15.67000 

21.52500 

28.01700 

3.63330 

3.77000 

3.65600 

61.66500 

66.65125 

61.96575 




32.06700 

35.06C00 

3.62000 

3.62000 

36.76561 

36.76561 


BUOYANCY FI ELD OF BOOT ON HACELL £5 


NACELLE (St 

AT 1* 16.33000 



NEAR-FIELD pressure 

SIGNATURE 



1 S90CK 

HAVES 



<=■ 39.5884c 

t2_ 

0.000000 CP2l 

.930315 

K 


CPI 

CP2 


39.588452 


a.attmae 

.0 30315 


43. 341983 



.027183 


50;127921 



.022016 


58.200187 



.018743 


62. 741937 



. 014860 


68. 803991 



.012385 


74. ?4 3? 3 9 



.011448 


79. 757824 



.010410 


86.528565 



.006857 


94. 14J385 



. 001842 


13!. 796107 



-.002798 


108.871673 



-.005862 


118. 158626 



-.009143 


1?3. 13613b 



-.011303 


129. 365965 



-.011720 


1 3fi« 329681 



-.012959 


• 141. 793655 



-.011923 


146. 382478 



-.008484 


156.954821 



-.005185 


155. 980955 



-.003057 


161.161171 



' -.001359 


1 66 .296541 



.000366 


172. 073526 



.000422 


178.278771 



-.000331 


184. 44Q3 66 



■*.'000939 


190.467513 



C01223 


196. 371297 



-.001219 


202.316363 



-VC 01316 


203.486705 



-.001861 


214.644554 



-.002322 


220.355524 __ 



-.002862 


227.139905 



-.003485 


233.296427 



-.003759 


239.743013 



-.004635 


246.499121 



-.006031 


253.228764 



-.007212 


NACELLE ( S) 

At r* 31.25000 



NFAR-FTELP PRESSURE 

SIGNATURE 



1 S90CK 

NAVES 



X= 72.238336 

cpi> o.doooco cpz* 

#921657 

X 


CPI 1 

3P2 


72.238336 


c.ooocoe 

.021457 


74.078021 



.020434 


81.649347 



.016546 


88.217956 



.-014087 




172 




173 



285. 364090 


-.018454 

285.922,955 

-.019327 

.001573 

235.490111 


.001202 

287.625209 


.001028 

288. 755183 


.000866 

289.875107 


.000724 

?9C .91*775 


.000598 

292. C93558 


.000493 

291. 18 53 66 


.000414 

294. 274583 


•000341 

295. 361162 


.000273 


mcriLEisi at i» 3i.2sooo 


NEAR-FI£LO PRESSURE SI5N1TURE 
2 SHOCK WAVES 

«* 285.638518 

CPl» 

0.000000 CP2« 

.011993 

.X* 3 27.3540 33 '* 

'* CP1» 

-.013b'72' CP2» 

.000790 

X 

5P1 

CP2 


286.638513 

0.000000 

.011993 


287. 719571 


.011400 


289.365751 


.010500 


291.007652 


.009614 


297.610564 


.005760 


294.246918 


.007924 


295.859909 


• C071C 1 



BUOYANCY FTELQ OF NACELLES ON NACELLE 


NACELLE AT T* 16.33000 Z * >5.80000 

uir*i i r icr cun k r 


PRESSURE SIGNATURE FROM NACELLE 

AT 

Y« -16.33000 

Z« 

-5.00000 

X 

CP 





283.133 

0.00000 





PRf 5SU°f ?fG4AT*JR“ FROH NAC*LL” 

AT 

»« 31.25000 

j. 

-4.90000 

X 

CP 





245.6C8 

0.00000 





245.609 

.01893 





24S* 614 

.0 1798 ■ 





248. C20 

.01667 





249. LIS 

.0 1535 





PRESSURE SIGNATURE FROM NACELLE 

AT 

Y» -31.25000 

z* 

-4.90000 

X 

CP 





324.617 

0.00000 





COMPOSITE 

SIGNATURE 





X 

CP 





u.cco 

0.00000 





245. 6C8 

c.ocooo 





245.609 

.01693 





o. 614 

.01798 





248.020 

.01667 





249.435 

.01535 





NACELLE AT »= 

31.25000 Z« >4.90000 



NACELLE AFT END AT *= 253.71000 





PRESSURE SIGNATURE FROM NACELLE 

AT 

V* 16.33000 

I* 

-5.00000 

X 

C“ 





240.358 

0.00000 





240. 359 

.01893 





241.364 

.01798 





. 242.770 

.01667 





244.185 

.01535 





245.600 

.01405 





247. C04 

.01281 





248.405 

.01158 





249.807 

.01038 





251.208 

.00920 





252. 6G1 

.00804 





253.841 

.00733 





PRESSURE SIGNATURE FROM NACELLE 

AT 

Y* -16.33000 

2. 

-3.80000 

X 

CP 





319.557 

Q.OliOOO 





PRESSURE SICNATJRE FROM NACELLE 

AT 

V* -31.25000 

z» 

-4.90000 

• X 

CP 



, 


351.416 

_3 o 0 Q0 v0 






COiPOSITE SIGNATURE 



x CE. 


o.ooo 

0.00000 

21*0. 358 

0.00000 

240.359 

.01853 

241. 361. 

.01758 

242. 77C 

.01667 

241.. 155 

.01535 

245.600 

.0 140 5 

247. C04 

.01281 

245.415 

.01155 

245.807 

.61038 

25 1.20 8 

• 0 C 520 

252.608 

. 0 C804 

£53. 4*1 

.00733 


iOJ UHZr FIELD OF NACELLE OH ITSELfltHAGE EFFECT! 


NAC: LL£ Af f« 
X 

16. 33000 
C® 

Z* -5.80000 



c.coc 

232.389 

232.330 

3.0 0000 
3.CC000 
.02157 




232.638 
233. 783 
235.130 

.02192 
.02041 
.0 1892 




236.486 
237. 841 
233.189 

.61742 
.0 1595 
.01454 




24C.535 

241.882 

243.225 

.0 1315 
.01178 
.01044 




244.578 

245.775 

246.501 

.00912 

.60833 

.00914 




247.814 

245.635 

.00794 

.00487 




buoyancy 

FIELD OF 

OTHER I RAGE NACELLES 



‘pressure SIGNATURE FRON NACELLE at T« -16.33000 

z« 

•3.80000 

X 

28 ft « 0 3 0 

CP 

0.60000 




PRESSURE S ISMATJRE FROH 
* CP 

253. 735 O.UCCO 

NACELLE AT Y» 31.25000 

z* 

-4. 30000 

PRESSURE SISNA T'JRE FROM 
X CP 

NACELLE AT T» -31.25000 

z« 

•4.90000 

3ZF.70W 

0.00000 

NO EFFECT 



BOUT ANCV 

FIELO OF 

NACELLE ON ITSELF (1HAGE 1 

EFFECT) 


nacelle at r* 

31,25000 

7» -4.900UO 



X 

0.000 

CP 

0.60000 





176 


177 



FUSELAGE OITA 

AND PRESSURE FIELD ACTING 

ON WING 



X 

R 

AREA 

CP 

1 

FIVI 

C.CCO0CC 

0 . 0000:0 

0.000009 

.091183 

0.000088 

s.eoooso 

s.qcccoB 

1.104231 

3. 830417 

.091103 

3. 130679 

.148984 

11.80C06O 

2.059176 

17. 320996 

.079564 

6.635614 

.154546 

ir.7jceoo 

2.844897 

25.426294 

.041354 

10.565034 

.129324 

2 3 ■ 60 COQO 

3.437564 

37.123729 

.0 31026 

14. 978632 


24.500000 

3.967615 

49. 454854 

.024325 

19.549273 

.089156 

35.4CC£GC 

4.4222 J8 

51.437582 

.014505 

24. 309084 

.070684 

-jauum 

4 ■ 8 1 C 474 

72.698525 

•01?070 

29.235393 

.058911 

47.200000 

5.165634 

83.828574 

.009575 

34. 244732 

.054454 

S3.1CC30C 

5.539234 

95.352574 

.010591 

39. 282910 

.049518 


HnHJU U'M H 


. 0C3634 

44. 423575 

.032618 

64. 90 CC 00 

5.045934 

114.8345C3 

-.002900 

49. 736950 

.008751 

70.3CCC0C 

5.195919 

123.503895 

-.010545 

55.260715 

-.013309 

_ZfJICW 

6.287810 

124, 207758 

-.013702 

66. 93C2SJ 

-.027884 

02.600000 

6.331648 

125. 921846 

-.017987 

66.721813 

-.043489 

*8.500000 

S.3CC591 

124. 712819 

-.021066 

72.698224 

-.053753 



11 " > 1 1 H U i 1 i 

-.020010 

78.736509 

-.055748 

1C 0 . 30 CC 00 

6.167590 

119. 503576 

-.021954 

84. 831763 

-.061641 

106.20 0000 

6.632329 

114. 319412 

-.019952 

91.070995 

-.056715 

112.100000 

5,92i!!i_ 

113.320412 

- . C 13555 

97. 237164 

••0**C 355 

118.C0CC0C 

5.851554 

107.574327 

-.065632 

103.324102 

-.024653 

123.4CC300 

5.813850 

106.078961 

-.001905 

109.326462 

-.014543 

■ 1 i.W.1 1 1 1 1 — 

5.787115 

135.216692 


115. 285814 

-.006466 

135.700000 

5.792 J59 

135.404912 

. 06 3245 

121. 172838 

.001739 

141.60 CCCO 

5.815263 

106.240143 

.001478 

127.015395 

.002005 

147.500000 

5.831 m 

106. 826936 

.000127 

132. 875173 

-.001575 

153.406600 

5.83.1243 

107. 081451 

-.001267 

138. 757761 

- . CC 4 468 

159.200003 

5.839392 

107. 123621 

-.001642 

144, 654878 

-.005817 

166.200000 

5.837117 

107,040141 

-.0L1933 

150. 560566 

-.005796 

171.100030 

5.836835 

107.031627 

-.001684 

156.461168 

-.006257 

177.CCC0O0 

5.828831 

106.738322 

-.002814 

162. 381240 

-.008852 

192.9C0CC0 

5.910442 

106. £64052 

-.603482 

168. 327486 

-.011045 

1*8.800000 

5.795318 

105.148821 

-.064336 

174.290496 

-.013616 

194.700000 

5.745943 

10 3. 722411 

-.005541 

180.289247 

-.016577 

290.000600 

5.593782 

101.847774 

-.004977 

186. 320068 

-.017880 

206.50 CCCO 

5.636215 

99. 798749 

-.007118 

192. 364443 

-.022049 

212.40 0C0C 

5.553124 

96.773228 

-.069539 

198. 480361 

-.028633 

2t_B L 3CCCC5 

5.435434 

92.814012 

-.011534 

20 4.668077 

-.034303 

224.2CCOOO 

5.292076 

97. 983666 

-.013044 

210. 927541 

-.038625 

230 . 1 C CC 00 

5.12351 3 

82. 371466 

-.014194 

217.257820 

-.040103 

■ iiniiiiiBHi 

4 J jj3236_ 

76.456369 

-.012314 

223. 627506 

-. 040381 

241.900000 

4.715935 

59.369160 

-.015290 

230.072495 

-.045988 

247.(00000 

4.447074 

62.129622 

-.019013 

236. 646794 

-.050171 

?5.2,iCC5C9 

4.139 2J4_ 

5 3. 825726 

-.019064 

243. 318854 

-.051802 

259.6 0 CC 00 

3.772458 

44. 709618 

-.022069 

250. 138699 

-.C54137 

265 .500000 

3.335893 

34.950219 

-.022318 

257. 133623 

-.050431 

■ Li win in — 

2.847493 

WWWWB l fill h f 

-.019924 

264.258523 

-.0.42301 

277.30QCCC 

2.2 715 97 

IS. 241080 

-.017316 

271.597598 

-.029909 

283.20CC00 

1 • 6C 7 B 4 9 

8. 121575 

-.065312 

279. 167536 

-.005395 

_2a9,icaooo 

.849950 

Z+ZiZSU 

.023198 

286.968337 

.034512 

295.CCG0OC 

.030030 

.000000 . 

.164528 

295.000000 

.062392 


178 





179 


B03Y PRESSURE FIELD ACTING OH HUS 


«PCT 

o.ooceco 

50.000000 

5.GC000C 

65.CLOOQC 

10* 000000 
50. OCCOOO 

19.000000 

55.000030 

20.000000 

53.000000 

253006000 

65.000000 

30.000300 

70.000008 

si.'vodooa 

'75.000000 


so.coooco 

85.000000 

90. 00 OOCO 

95.000000 

100.000000 









, 

• 



0.0000 

o.ooooco 

o.cococo 

0.000000 

o.ccacco 

0. 000000 
0.000000 

0.000000 

0.000000 

0.003000 

0.000000 

0.000000 

0.000000 

a. ooooeo 
0.000000 

0.030000 

3.000000 


o.occoco 

0.003000 

0.000000 

0.000000 

OiOQCOQO 


, 


.0250 

-.035221 

-.033952 

-.0613/3 

-.029911 

-.016951 


.001250 

-.000221 


-.003155 

-.023910 

-.016030 

-.02/153 

-• QQ 4299 
027952 

-.006515 

-.031621 

-.008011 

-.035037 

-.011510 

-.013521 

-.31,4620 

• 0500 

-.021056 

-.001266 

-.0169(3 

-.026650 

-.002683 

-.013169 

-.029163 

-.0028/8 

-.019621 

-.02/8/1 
-.333/71 
' 6.020623 

-.01591/ 

-.00536/ 

-.023519 

-.007092 

-.007126 

’1 ■ 

-.001157 

-.000503 

.0109/0 

-.010006 

• 0 750 

-.013569 
- . CC C2 37 

-.023113 

-.031866 

-. 022323 
-.002326 

-.026093 

-.002689 

-.017660 
-. C03/90 

-.008562 

-.005388 

-.003130 

-.036539 

.000732 

-.00/769 


-.C1C582 

-.013611 

-.015608 

-.016126 

-.317935 




.1000 

-.01236/ 

-.01/923 

-.019502 ■ 

-.020791 

-.0151/9 

-.007617 

-.002023 

.00032/ 


-.CCC050 

-.C07983 

-.0016/2 

-.010683 

-.002016 

-.012807 

-.032110 

-.013336 

-. 003022 
-.316192 

-.006066 

-.005306 

-.006166 

.1250 

-.012662 

.00CC93 

-.006363 

-.016696 

-.00115/ 

-.003531 

-.01/626 
-. 001805 
-.010639 

-.018513 

-.001866 

-.012068 

-.013665 

-.002633 

-.0126/7 

-.006660 

-.003368 

-.002625 

-.006356 

.000556 

-.035332 

.1500 

-.012255 

.000209 

-.315286 

-.003912 

-.016261 
-. 0015/1 

-.016815 

-.031669 

-.012121 

-.03198/ 

-.006059 

-.002822 

-.002606 

-.003650 

.000530 

-.006622 


-. CO 520 3 

-.005/62 

-.006/61 

-.010361 

-.011221 




■■Rim 

-.011651 

-.313398 

-.016399 

-.016395 

-.013165 

-.005227 

-.002307 

.000309 


•0QC396 

-.006089 

-.003563 

-.006565 

-.C012C9 

-.005786 

-.331625 

-.007389 

-.031696 

-.008715 

-.002010 

-.002661 

-.033326 

• 

.2500 

-.01132/ 
.000632 
-.0030 25 

-.012132 
-.000256 
-.CC 3652 

-.013166 

-.000916 

-.(303980 

-.012/06 

-.001255 

-.006881 

-.006/26 

-.001272 

-.006230 

-.006636 

-.001390 

-.002196 

-.001962 

-.030031 

-.032656 

.3000 

-. C 10856 
.000385 

-.011305 
-. 0 03 05 1 

-.012310 

-.000635 

-.011605 

-.001026 

-. 007636 
-.001163 

-.006073 

-.001198 

-.002017 

-.001632 

-.000189 

-.001090 


-.002309 

-.002788 

-.003322 

-.003566 

-.006263 




Him 

-.010236 

-.013831 

-.011197 

-.0098/5 

• • CC 6344 

-.003613 

-.001879 

-.00032/ 


.000363 

-.0017/1 

.033119 

-.002121 

•• 00 D 4C4 
-.002515 

-.000339 . 
-.002962 

-.001053 

-.003226 

-.001076 

-.001130 

-.001396 

5000 

-.009/76 

.000318 

-.001291 

-.0106/6 

.033285 

-.001612 

-.010216 
-.000196 . 

-.031896 

-.038610 

-.300582 

-.002222 

-.005389 
-. 003 861 
-.002578 

-.003226 

-.001309 

-.001/6/ 

-.001006 

-.000651 

-.101061 

.5500 

-.009619 

-.009966 

-.009378 

-.007089 

-.006529 

-.002886 

-.0016/6 

-.000566 



.UUUCHC . UBII JC J .UtlUUlJ 

-.000992 -.0(1132 -.001919 

.3000 1*009 50 5 -. 0 09132 -. 00 8060 

.000272 .003298 .000156 

-.000900 -.303929 -.000976 


.6000 -.008065 -.006553 -.009952 

.00015? .000261 .000279 

-.00 0 7 19 -.0038 09 -. 00 0 823 

.7000 -.CC9196 -.003210 -.002673 

-.00 00 39 .003232 . 000293 

-.CCC267 -.003375 -.000982 

.8000 -. 00 5863 -. 00537 0 -. 009 310 

-.001952 -.001159 -.0CC566 

.000232 .003290 .000227 


.9000 

-.006964 
-.003991 
- . CC 1262 

-•CG6853 

-.003422 

-.CC1C47 

-.006792 

-.002853 

-.000832 

.9500 

-.006817 

-.0C6152 

-.006899 
-.0 05646 

-.005891 

-.005191 


-.002509 

-.DC2263 

-.002022 

1.0000 

-.C<3 6385 

-.006953 

-.006518 


-• 0066C0 
0Q 50 *»5 

-.006527 
-.0 0 9635 

-.006953 

-.009239 


000396 


-.000658 


-<006695 


-.990951 


-.009996 


-.991652 


-.091902 


-905 606 


.000161 

.001210 


-.90 3717 


.000935 

•.001932 


-.0 02506 


-.000693 


-.001525 


-.080589 


-.000816 


.000902 


-.003936 -.002586 -.001819 -.001171 -.0)0519 

•0Q0131 -.000069 -.000265 -.000961 -.000639 

-.0 0 08 22 -.0006 38 _ . 

-.002137 -.001676 -.001273 -.000870 -.030952 

303259 . 00 3 295 .000113 -. 000 0 16 -.000199 

-.000508 -.000690 

-.003555 -.002909 Til02516 -.00 2129 -.0)1795 

-.000569 -.000260 .000099 .000217 .0)0229 

.000139 .000091 


-.006632 -.006353 -.005753 -.005153 -.8)9560 

-.002563 -.002279 -.001905 -.001695 -.0)1977 

-.00 3612 -.000389 

-.006800 -.006708 -.006617 -.006525 -.006931 

-.009635 -.009151 -.003672 -.003193 -.032795 

-.001782 -.001566 ' 

-.006563 -.036698 -.006713 -.006796 -.006673 

-.006380 -. 006307 -.006233 -.005872 = 7 & 55 ' 966 — 

-.003693 -.003953 


TH9LE OF miCKMESS PRESSURE CJEFFICI- MT 


XPCT ,,; 

o', to 

80.00 

5.00 
65. CO 

10.03 

15.00 

75.00 

20.80 
_ 8 0. DO 

25.00- 

85.00 

30.0) 
9a. oa 

35,. 00 
95.00 

40.00 

100.00 

45.pi 

50. fO 

55.01 

T/8/2' 7 

o.ooc 

o.coooco 
-.coc too 

.000208 

-.001515 

.017194 

-.003306 

•020513 

-.004349 

.092983 

-.008065 

. *007425 
-,033937 

.005438 

-.016165 

.003264 

-,022130 

.002663 

-.027107 

1 

.805482 

.003486 

.080479 

.0?$ 

•031364 
• C 0 1 £ 41 

.006515 

.000329 

i' .013914 
-. 003097 

.013905 

-.006390 

.009557 

-.010492 

.007361 

-.014792 

“TcTsTvT 

-.017609 

.005986 

-.021226 

.003147 

-.026055 

.002164 

.00067} 

.000)49 

.050 

.012141 

-.000066 

•C129&1 

-.002606 

.015/35 

-.003/28 

.014173 

-.007037 

.012224 

-.010502 

.008119 

-.014541 

.004619 
-. C 19393 

.003518 

-.024072 

.004264 

-.026990 

.002916 

.002561 

.001301 

.C75 

.044193 
-.0 020 97 

.010107 

-.CC419S 

.0040 35 
-.006319 

.005410 

-.011001 

. 0089S5 
-.014695 

.000058 

-.017282 

.003985 

-.022326 

.004022 

-.026579 

.003647 

-.026459 

.000962 

.00142) 

.001219 

.100 

.C64C43 

-.G0402Q 

.007115 

-.006435 

-.006113 

-.009350 

•G04790 

-.014174 

.007254 

-.017639 

.004428 

-.020563 

.002431 

-.024930 

.002909 

-.026658 

• 00 1648 
-.030494 

.001126 

.001735 

-.000410 

.125 

.033720 

-.003597 
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APPENDIX A 


INTERACTIVE GRAPHICS 


The cathode ray tube (CRT) display and program coding for the 
design and analysis system are based on the NASA-LRC CRT and 
associated software. However, all display portions of the system 
coding are subroutined or overlaid from the basic programs, so 
that the system could be readily converted to other CRT 
arrangements. 

The basic input parameter reguired to activate the graphics 
routines is the executive card CRT (punched in columns 1-3) , which 
may be placed at the beginning of the data deck, or anywhere else 
in the input that an executive card may be read. If the CRT card 
does not appear in the data deck, no graphic displays will be 
generated. 


The CRT card is actually an on-off device. Successive readings of 
the CRT card either turn on the graphics, or turn them off and 
place an end-of-file mark on the hard-copy file, depending upon 
the previous status of the graphics routines. However, the usual 
mode of graphics operation is to place a CRT card at the beginning 
of the data deck, if graphics are desired. 


BASIC CRT OPERATION 


Several types of video displays are generated by the design and 
analysis system, using the NASA-LRC software. These include: 

• Menus 

A list of display choices with corresponding 
function keys 

• Edit tables 

A list of numbers with variable names 

• Plots 

Displays of x-y plots 


When a display is complete, one of two system messages will appear 
at the top of the video screen. If the display is a menu, the 
message AWAITING OPERATOR ACTION will appear. To continue 
processing, the user must press a defined function key, selected 
from the menu. The second system message is PLOT FRAME COMPLETE. 
When this message appears, the graphics software is programmed to 
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allow (a) editing of the display variables, (b) resumption of 
program execution, or (c) hard copy plot generation. If (b) is 
selected, the user presses function key 3 (NEXT FRAME). Editing 
and hard copy options are discussed on pages 190 and 191 . 


Menus 

Menus consist of a set of display choices, together with defined 
function keys. Some menu lines display sets of function keys. 
For instance, a menu line may say FN KEY 6 DISPLAYS WING 
THICKNESS. Pressing key 6 will bring up a second menu, ' with the 
message FN KEYS 1 THRO 20 IDENTIFY AIRFOIL NUMBER, which would 
require the user to select one of the input airfoils. It should 
be noted that the upper key number (20) is the maximum number of 
airfoils allowed in the input. For a particular case, however, 
the user may have input only 7 airfoils. If the user now presses 
an undefined function key (8 thru 54) the message AWAITING 
OPERATOR ACTION will appear and another function button must be 
chosen. 


Edit Tables 

If the display contains an edit table, the user may now use the 
console keyboard to type in a new value for any variable in the 
table. The variable name used on the display is first typed, 
followed by an egual sign and the new value, followed by the 
console keys RETURN and E0M. (e.g., CONSTR(3) = -1.0 will change 
the third value of the array C^NSTR to -1.0). The new value will 
be displayed at the top left of the video screen. 


The LRC software allows the definition of only one edit format per 
display in the using program. It can happen that there are both 
fixed and floating point numbers on the screen to be edited. If 
this happens, the edit format can be changed by the typed-in 
message FORMAT = XXX RETURN E0M (where XXX is the desired 
format). This format remains in effect so long as the display is 
up, i.e., until key 3 is pressed. In case of doubt, the display 
will identify the current format if the message FORMAT = RETURN 
E(?M is typed. 


Special Usage of Key 55 

Function key 55 is used in two ways. If the statement "RESUMES 
EXECUTION" appears on the menu line and key 55 is selected, the 
current graphic program will be terminated and execution will 
continue at the next executable statement encountered. If the 
statement "DISPLAYS PROGRAM 0PTION MENU" appears on the menu line. 


190 



and key 55 is selected, the current menu will be erased and the 
previous menu redisplayed. 


Hard-Copy Plots 

Each time the system message "PLOT FRAME COMPLETE" appears on the 
display screen, the user has the option of generating Varian hard- 
copy plots of the current display, assuming the run terminates 
normally and the job control cards specify the correct post- 
processor. Selecting key 6 (RECORD PLOT) or key 8 (RECORD 
PICTURE) followed by key 3 (NEXT FRAME) will save the display 
information and continue processing. 


GRAPHICS USAGE 


The principal uses of the graphics routines in the design and 
analysis system are to display the configuration, edit input 
geometry, and to display and/or alter the basic program 
calculations. 


There is no provision in the system to alter the input data stream 
on-line, so the intended usage of the graphics and the input data 
card set up must be carefully coordinated. Limited capability to 
redirect the system calculation seguence is available and these 
options are displayed on the CRT screen when encountered. 


Geometry 

Configuration geometry may be displayed either from the PLOT 
module, or, in simplified form, from the geometry module. The 
PLOT display draws a picture of the configuration on the screen 
(as instructed by the input view cards) , but has no edit 
capability. All editing of geometry must be performed in the 
geometry module. 

When the geometry module is entered from the executive to read or 
change configuration geometry (executive cards GE0M, GE0M NEW, 
FSUP or WGUP) , the CRT program DISGE0M is used to display and/or 
edit the configuration geometry. The first menu generated gives 
the user the option of executing or bypassing the video displays: 

FN KEY 1 DISPLAY AND EDITS GEOMETRY 
FN KEY 55 RESUME EXECUTION 

When key 1 is selected, the program option menu appears: 

FN KEY 1 DISPLAYS CONFIGURATION PLANFORM 
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i table 

KEY 



1 


2 . 


3. 


4. 


5. 


6 . 


DISPLAYS FUSELAGE AREA VS X 
DISPLAYS WING CAMBER (Z vs X) 

DISPLAYS WING CAMBER (Z vs Y) 

DISPLAYS WING CAMBER (Z/C vs Y) 

DISPLAYS WING THICKNESS {Z/C vs X/C) 

DISPLAYS FUSELAGE SECTIONS (NON-CIRCULAR) 

EDITS CONFIGURATION CODES 

EDITS PERCENT CHORD ARRAY 

EDITS X,Y,Z AND CHORD (AIRFOILS 1-10) 

EDITS X,Y,Z AND CHORD (AIRFOILS 11-20) 

EDIT/DISPLAY WING T.E. (TZ0RD) 

EDIT/DISPLAY WING T.E. (TZ0RD * ZLE) 

EDIT/DISPLAY WING THICKNESS (Z/C vs X/C) 

EDITS FUSELAGE X ARRAY 

EDITS FUSELAGE Z ARRAY 

EDITS FUSELAGE AREA ARRAY 

EDITS X,Y,8 AND D OF NACELLES 

EDITS NACELLE X ARRAY 

EDITS NACELLE R ARRAY 

EDITS X , Y , Z AND CHORD OF FIN AIRFOILS 
EDITS X,Y,Z AND CHORD OF CANARD AIRFOILS 
EDITS CAMBER Z ARRAY 
RESUMES EXECUTION 


below describes the function of each key. 

FUNCTION 

A plan view of the configuration geometry is 

displayed. 

A plot of fuselage area versus station is displayed. 

Given an airfoil number 1 through 20 (1 being most 

inboard) a side view plot of camber (camber value + a of 
leading edge) versus station at the Y of the specified 
airfoil is displayed. 

Given a percent chord number 1 through 21 (1 at leading 

edge) , a rear view plot of camber (camber value + 8 of 
leading edge) versus Y at the percent chord specified 
is displayed. 

Same as key 4 but camber value versus Y 

Given an airfoil number 1 through 20 (1 being most 

inboard) , a side view plot of airfoil half thickness 
(upper and lower) versus percent chord at the specified 
airfoil, is displayed. The array of thicknesses (THK) 
is displayed below the plot and may be edited by the 
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7. 


user. THK (1) represents the half thickness at the 
leading edge. 

Given the fuselage segment number 1 through 4, and the 
section number 1 through 30 within the segment, the I 
and 2 coordinates defining the fuselage half-section are 
displayed. The horizontal X axis is positioned 
vertically at the fuselage centerline 2 value (2FUS) . 

8. The basic geometry input parameters JO through XBARIN 
are displayed on the screen and may be edited by the 
user. The program defined format is 14. If it is 
necessary to modify variables REFA, CBAR or XBARIN the 
user must first change the format to floating point, 
such as F8.4. 

9. The percent chord array (XAF) is displayed on the screen 
and may be edited by the user. 

10/11 Four arrays, XLED, YLED, 2LED and C1ED representing the 

X, Y and 2 coordinates of the input airfoil locations of 
the wing leading edge and the airfoil chord lengths are 
displayed on the screen and may be edited by the user. 
Key 10 displays coordinates of first 10 airfoils and key 
11 the last 10 airfoils. 

12/13 Keys 12 and 13 provide a special capability to remove 
"spikes'* or irregularities in the wing camber surface. 
A plot of camberline 2 values (from array W80RD) or B + 
Z LE versus Y along the wing trailing edge is displayed. 
The corresponding table of 8 or 2 ♦ 8^ values is 

displayed in a table under the plot, which may be 
edited. When the NEXT FRAME key is depressed, the 
following menu appears: 

FN KEYS 1 THRU 21 DISPLAY PERCENT CHORD LINES 
TRAILING EDGE MAY BE EDITED 
FN KEY 33 TWISTS WING TO MATCH EDITED T.E. 

FN KEY 34 RESTARTS WITH ORIGINAL CAMBER DEFINITION 
FN KEY 44 SAVES NEW CAMBER DEFINITION 
FN KEY 55 DISPLAYS PROGRAM OPTION MENU 


KEY FUNCTION 

1-21 A plot of 2 or 2 + 2^ versus Y at the percent 

chord selected is displayed. 

21 The 2 or 8 + Z LE array is displayed below the plot 

and may be edited. 

33 If the trailing edge has been edited, the remainder 

of the camber surface definition is altered, by 
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linear twist, to agree with the trailing edge 
change. The trailing edge is redisplayed. 

3 4 Restart option. If the change to the trailing edge 

was made incorrectly, the original camber surface 
may be recalled and the editing redone. (The 



restart option 
depressed) 

is available 

until 

key 

44 is 

44 

The wing camber 

surface, W29RD, 

which 

was 

altered 


in a scratch array until now, is permanently 
changed to match the surface displayed under key 
33. 


55 Return to redisplay complete option menu. 


14 


15 

16 

17 

18 

19 

20 

21 


22 


23 


Given an airfoil number 1 through 20, a side view plot 
of airfoil thickness versus percent chord is displayed. 
The thickness array of the specified airfoil is also 
displayed below the plot and may be edited. 

Given a fuselage segment number 1 through 4, the array 
of fuselage X values foe the segment are displayed and 
may be edited. 

Given a fuselage segment number 1 through 4, the array 
of fuselage 2 values for the segment are displayed and 
may be edited. 

Given a fuselage segment number 1 through 4, the array 
(A) of fuselage area values for the segment are 
displayed and may be edited. 

Four arrays, X, Y, 2 and D, representing the coordinates 
of the nacelle origins are displayed and may be edited. 
Given a nacelle number 1 through 9, the array of nacelle 
X coordinates are displayed and may be edited. 

Given a nacelle number 1 through 9, the array (P) of 
nacelle radii values are displayed and may be edited. 
Given a fin number 1 through 6, the variables XL, YL, 2 
L, CL, XU, YU, 20 and CU, representing the X,Y,S and 
chord lengths of the lower and upper fin airfoils are 
.displayed and may be edited. 

Given a canard number 1 or 2, the variables XI, YI, 21, 
Cl, XO, YO, 20 -and CO, representing the X,Y,2 and chord 
lengths of the inboard and outboard canard airfoils are 
displayed and may be edited. 

Given an airfoil number 1 through 20, the array (C) of 
camber values for the airfoil are displayed and may be 
edited .. 


Skin Friction Module/Near-Field Wave Drag Module 

When the skin friction program executes, the force coefficient 
summary from the program may be seen, or bypassed, according to 
the menu below: 

FN KEY 1 DISPLAYS SKIN FRICTION RESULTS 
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FN KEY 55 RESUMES EXECUTION 


Similarily, function keys 1 and 55 display or bypass the summary 
results from the near field program when it executes. 


Far-Field Wave Drag Module 


When the far-field wave drag program executes, the menu choice of 
display or bypass first comes up. If display (FN key 1) is 
selected, the display program (DIS080) will give the user the 
option of generating displays as follows: 


FN KEY 1 
FN KEY 2 
FN KEY 3 
FN KEY 4 
FN KEY 5 
FN KEY 6 
FN KEY 7 
FN KEY 8 
FN KEY 55 


ERASES SCREEN 

DISPLAYS GRID 

DISPLAYS BODY AREA VS X 

DISPLAYS OPTIMUM BODY AREA VS X 

DISPLAYS CONFIG AREA VS X 

DISPLAYS RESTRAINED CONFIG AREA VS X 

INTERRUPT PROGRAM TO ALLOW HARD COPY PLOT GENERATION 
DISPLAYS FAR FIELD WAVE DRAG SUMMATION 
RESUMES EXECUTION 


The user's options at this point are different from the other 
displays. Here the user constructs the plot to include as many 
curves as desired, with or without a grid, and may or may not 
generate a hard copy plot. To view the configuration area plot, 
the user need only select key 5 (followed by key 1 to remove the 
plot). If the user wants a hard copy plot of all curves with a 
grid, he selects keys 2, 3, 4, 5, 6 and 7 followed by keys 6 or 8 and 
3 (NEXT FRAME). He may then resume execution, display the drag 
summation or build a new display after erasing the current display 
with key 1. 


If the user selects key ,8, the menu is erased and the wave drag 
program drag summary iis printed (illustrated by typical values) : 


70 CHARACTER TITLE ARRAY FOR CURRENT CASE 

A= 36 

32.023 
29. 954 


20.27199 
.00263 
.002481 

DRAG OF TRANSFERRED AREA DISTRIBUTIONS 


CASE= 14 M ACH= 2.700 

WING VOLUME CHECK 

EXACT VOLUME = 
EQUIVALENT B0DY VOLUME 


NX= 50 


NTHET, 

1 14 
114 


ENTIRE AIRCRAFT 
D/Q = 

CDW = 

0PT . CDW* = 



(OPTIMUM EQ. B0DY CDW* 
AVERAGE EQ. B0DY CDW* 
POTENTIAL CDW* CHANGE 


.00089225 
.00104445 
- .00015220 


At this point, the system message PLOT FRAME COMPLETE will appear. 
To get a hard copy plot of the display, press key 6 or 8. 


To continue, the user selects key 3 which erases the screen and 
re-displays the function key menu. 


NOTE: There is one instance when the wave drag display 

subroutine will not be called. That is when the 
restraint points exceed allowable storage of 33, which 
causes the optimization calculations to be omitted. 


Wing Design Module 

The graphics capability of the wing design program consists of: 

• display of "bucket" plot, drag-due-to-lif t factor (k ) 

versus Cmo. E 

• k e versus Cmo for camber surface constraint solutions, 
if requested 

• Editing of the design solution variables (c , c ) and 

constraint or restart codes . mo L 

• Continuation to next input case or return to executive 


The design camber surface, which is automatically stored in common 
block CAMBER, can be viewed in the geometry module, but not in the 
wing design module. 


The initial display to appear in the wing design module is the 
bypass or display menu: 

FN KEY 1 DISPLAYS BUCKET PLOT 
FN KEY 55 RESUMES EXECUTION 


When key 1 is selected, the optimum drag-due-to-lif t versus Cmo 
"bucket" plot is displayed. Additional symbols are also plotted, 
giving the flat wing (+) , uniform load (x) , and three term (A) 
solutions. (The uniform load and three term solutions will be 
plotted only if those solutions have been calculated) . 
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Symbols (9) are then plotted, corresponding to solutions from the 
constraint options 1,2,3, and 4, if requested. And, finally, up 
to 10 symbols (9) are plotted giving the option 4 solutions from 
previous design cases (if the current case is one of a series of 
wing design cases) . 


After the bucket plot is generated, the NEXT FRAME key beings up 
the set of current design inputs: 


70 CHARACTER TITLE OF CURRENT CASE 


C MO 
CLD2IN 
RESTART 
C0NSTR (1 ) 
CPNSTR (2) 
C0NSTR (3) 
C0TNSTR (4) 


.0200 

.1000 

2.0000 

1.0000 

1.0000 

1.0000 

1.0000 


The user may edit any of the variables on the display. If editing 
is performed, the wing design case may then be re-executed when 
the NEXT FRAME key is again depressed, which generates the menu: 

FN KEY 1 EXECUTES NEXT CASE 

FN KEY 55 CALCULATES EDITED DESIGN POINT 


If key 55 is selected, the program returns to the wing 
optimization overlay, and recalculates the wing design for the 
edited design inputs. If key 1 is selected, the program continues 
to the next statement in the normal execution process. 


When the wing design case is completed, and key 1 is selected, a 
final option menu is displayed: 

FN KEY 1 TERMINATES WING DESIGN PROGRAM EXECUTION 
FN KEY 55 READS NEXT DATA CASE 


The purpose of this choice is to permit the user to abort a series 
of wing design input cases once the desired wing design has been 
obtained. 


Lift Analysis Module 

Graphics options provided in the analysis module consist of: 


197 


• Display and editing of wing twist array 

• Editing of configuration angle of attack, and canard and 
horizontal tail setting (if used) 

• Editing of Mach number, and inputs SYMM, WHOP, and 
ANYB0D 

• Display of wing pressure coefficients and fuselage 
upwash 

• Display of force coefficient summary 
The initial menu seen is: 


FN KEY 1 
FN KEY 2 
FN KEY 3 
FN KEY 4 
FN KEY 55 


DISPLAYS WING TWIST (DEG) VERSUS SPAN 

EDITS WING TWIST ARRAY 

EDITS CANARD ANGLES OF ATTACK 

EDITS SYMM, WHUP and ANYB0D 

RESUMES EXECUTION 


The user selects the function key associated with the task 
desired, noting the following conditions: 

1. If function key 1 is selected and no twist array was 

input, no plot will be generated, and the user will be 
reguired to select another function Key. 

2. If function key 2 is selected, the variable TWISTN (the 

current number of twist angles in the array ATWIST) and 
the ATWIST array are displayed. If entries are added or 

deleted in ATWIST, a corresponding change must be made 

in TWISTN. 

3. If function key 3 is selected, the variable ALPN (the 

current number of canard angles of attack in array TCA) 
and the TCA array are displayed. If entries are added 
or deleted in TCA, a corresponding change must be made 
to ALPN. 


When key 55 is selected, the analysis module continues execution, 
halting with the menu, 

FN KEY 1 DISPLAYS UPWASH VERSUS PERCENT CHORD 

FN KEY 2 DISPLAYS UPWASH VERSUS PERCENT SEMI-SPAN 

FN KEY 3 DISPLAYS WING PRESSURE VERSUS PERCENT CHORD 

FN KEY 4 DISPLAYS WING PRESSURE VERSUS PERCENT SEMI-SPAN 

FN KEY 55 RESUMES EXECUTION 
which provides the display options indicated. 


Selection of keys 1 through 4 brings up one of the following 
secondary menus: 

FN KEYS 1 THRU 21 IDENTIFY SEMI-SPAN PERCENT 
FN KEY 55 DISPLAYS PROGRAM OPTION MENU 
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FN 

KEYS 

1 

THRU 

11 

IDENTIFY 

PERCENT 

CH0RD 

FN 

KEY 

55 

DISPLAYS 

PROGRAM 

OPTION 

MENU 

FN 

KEYS 

1 

THRO 

41 

IDENTIFY 

SEMI-SPAN PERCENT 

FN 

KEY 

55 

DISPLAYS 

PROGRAM 

OPTION 

MENU 

FN 

KEYS 

1 

THRU 

20 

IDENTIFY 

PERCENT 

CHORD 

FN 

KEY 

55 

DISPLAYS 

PROGRAM 

OPTION 

MENU 


If no fuselage was input, function keys 1 or 2 will produce no 
response. Key 55 returns to the primary menu. 

Upon resumption of the analysis calculations, program FINISH is 
entered which halts with the menu: 

FN KEY 1 DISPLAY DRAG DOE TO LIFT PROGRAM RESULTS AND 
EDIT NEXT HORIZONTAL TAIL ANGLE 
FN KEY 55 RESUMES EXECUTION 


If key 1 is selected, the drag summary table is printed 
(illustrated with typical values) : 


70 CHARACTER TITLE FOR CURRENT CASE 


MACH NUMBER = 2.70 
CONFIGURATION ALPHA = 0.00 
CANARD ALPHA = 0.00 
HORIZONTAL TAIL ALPHA = 0.00 


CL 

CD (OFF) 

CM (OFF) 

CD (ON) 

CM (ON) 

.00 

.000551 

.00801 

.000645 

.00598 

.01 

.000451 

.00677 

.000525 

.00474 

.02 

• 

.000480 

• 

.00554 

• 

.000533 

• 

.00351 

• 

• 

• 

.18 

• 

. 018392 

• 

• 

-.01424 

• 

.018121 

• 

.01627 

.19 

. 020603 

-.01548 

.02031 1 

.01751 

.20 

.022942 

-.01671 

.022639 

.01874 

NEXT 

HORIZONTAL 

TAIL ALPHA 

(THALP) = 1.50 



In the table, the (off) and (on) refer to nacelles. Canard alpha 
and horizontal tail alphas are not printed if no canard or 
horizontal tail is present. 
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It is possible to trim the configuration by the proper selection 
of horizontal tail angle. If there will be another horizontal 
tail angle, its value is indicated as shown. The value may be 
edited by typing THALP = XXX RETURN E0M. Key 3 (NEXT FRAME) will 
then resume execution. 


A broader editing capability for altering the calculation sequence 
is enabled by the next menus to appear. The primary menu sets up 
the choice: 

FN KEY 1 ALLOWS USER TO VIEW AND EDIT MACH NUMBER, 
CONFIGURATION ALPHA AND CANARD ALPHA, FOR 
CURRENT AND NEXT EXECUTION CYCLE 
FN KEY 55 RESUMES EXECUTION 


Selection of key 1 displays the current Mach number, configuration 
alpha and canard alpha. In addition, it displays the next 
parameter in the cycle to change, which may be edited by the user 
(typical values are shown) : 


CURRENT MACH NUMBER = 2.14 

CURRENT CONFIGURATION ALPHA = 1.70 

CURRENT CANARD ALPHA = .50 

NEXT CANARD ALPHA (CAN) = .95 

- or - 

NEXT CONFIGURATION ALPHA (C0N) = 1.87 

- or - 

NEXT MACH NUMBER (XMCH) = 2.30 


The program execution sequence is canard alpha loop, configuration 
alpha loop and Mach number loop, in that order. When the 
individual loops are complete, the words CURRENT and NEXT are 
replaced with LAST. 


The user has the option of editing the variables CAN, C0N and XMCH 
when they appear on the screen. 
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